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ABSTPACT 

This, summary volume presents the conclusions of a 
Onited States' Government' effort to look at the issues and 
interdependencles of population, resources, and environment in the 
lona-term global perspective. The report concludes that, if present 
trends continue, serious stresses of overcrowding, pollution, 
ecological instability', and vulnerability to political disruption 
will characterize the world by 2000 A.D. The report presents no 
recommendations but does indicate the neod for fundamental world-wide 
change. (Authcr/PE) *" - 
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Counclllbn environmental 
Quality and the Department 
of State., working in coop- 
eration with . . , other 
approprrate agencies, to . 
make a one-year study of 
the probable changes in .* 
the world's population, nat- 
ural resources, and envi- 
ronment through the end of 
the century.'* 

PftlsiDiNT Jimmy C^r6» ; 
May is. 1977 



About the Cover 

The Global 2000 Report to 
1- the President presents a pic- 
ture that can be painted only 
in^road strokes and with a 
brush still in need of addi* 
tional bristles. It is, howeve;, 
the most complete and cort- 
sistent such picture ever - 
painted by the U.S. Govern- * 
rpent. Many rapid and unde- 
sirable developments are 
foreseen if public policies . 
concerning population stabi- 
lization, resource conserva 
tion, and eiwironmental 
protection remain un- 
cnanged over the coming 
^'decades. Vigorous and de* 
termined new initiatives are 
needeo around the world. 
These initiatives need to be 
taken soon while the picture 
is yet fluid and nations^re 
still preparing lO enter tne 
twenty-firat centuiy. 
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Letter of Tra'iuniittal 



Th^President , * 

Sir: In your^ Environmental Message to the Congress of May 23, 1977» 
you directed the Council on Environmental Quality and the Department of 
SUt9» working with other federal agencies, to study the "probable changes in 
the world's population, natural resources, and environment^brough the end 
of the century/* This endeavor was' to serve as "the foundation of our 
longer-term planning." ' . . 

The effort we then undertook to project present world trends and to 
establish a foundation* for planning is now complet^, and we are pleased to 
present our report to you. What emerges are not predictions but rather pro- 
jections developed 'by U.S. Government agencies of what jvjlt happen to 
population, resources, arid environment if present policies continue,. 

Our conclusions, summarized in the pages that follow, are disturbing. 
They indicate the potential for global problems Of alacming proportions by 
the year 2000. Environmental, resource, and population stresses are inten- 
sifying and will increasingly determine the quality of human life on. our 
planet. These, stresses are already severe enough tp defty many millions of 
people basic needs for fo6d, shelter, health, and jobs, or any hope for better- 
ment. At the same time, the earth's carrying capacity—the ability of biologi- 
cal systems to provide resources for human needs— is eroding. The trends 
reflected in the Global 2000 Study suggest strongly a progressive degradation 
and improverishment of the earth's natural resoui-ce base. 

If these trends are to be altered and the problenjs diminished, vigorous, 
determined *new initiatives will be required worldwide to meet human needs 
while protecting and restoring the earth's capacity to support life. Basic 
natural resources— farmlands, fisheries, forests, minerals, energy, air, and 
water— must be conserved and better managed. Chalnges in public policy are* 



needed around the world before problems worsen and options for effective 
action are reduced. * . ' 

A number of responses to global resource, environment, and population 
problems'-^responses only' touched on in the Study— are underway. 
Heightened ihternational concern is reflected in the ••Megaconferences" ' 
convened by the United Nations during the last decade: Human Environ- 
ment (1972), Population (1974), Ifood (1974), Human Settlements (1976), 
Water (1977)', Desertification (1977), Science and Technology for Develop- 
ment (1929), and New and Renewable Sources of Energy, scheduled for 
August 1981 in Nairobi, the United States has lontributed actively to these 
conferences, proposing and supporting remedial actions of which many are 
now being taken. We are also working with other nations bilaterally, 
building concern for population growth, natural resources, and environment 
into our foreign aid programs and cooperating with our immediate neighbors 
on common problems ranging from cleanup of air and water pollution to , 
preservation of soils and development of new crops. Many natipns around 
the'World are adopting new approaches— Veplanting deforested areas, conr 
serving energy, making family planning measures widely available, using 
natural predators and selective pesticides to protect crops instc^.of 
broadscale destructive application of chemicals. 

' Nonetheless, given the urgency, scope, and complexity of the challenges 
befdre tts, the efforts now underway around the world fall far short of what 
is needed. An era of unprecedented global cooperation and commitment is 

essential. \ 

The necessary changes go beyond the capability of any single nation." 
But our nation can itself take important and exemplary steps. Because of our 
preeminent position as a producer and consumer of food and energy, our ef- 
forts tc conserve soil, farmland?, and eniergy resources are of global, as well 
as national, importance. We can avoid pplluting our own environment, and 
we must take care that we do not degrade the global environment. 

Beyond our borders ^e can expand our collaboration with both 
developed and developing nations iit a spirit of generosity and justice. Hun* 
dreds of millions of the world's people are now trapped in a condition of ab- 
ject poverty. People at the margin of existence must take cropland, grazing 
land, and fuel where* they can find it, regardl^s of the effects upon the 
earth's resource base. Sustainable economic development, coupled with en- 
vironmental protection^, resource management, and family ;planning is essen- 
♦ tial. Equally important are better understanding and effective response? to 
such global problems as tfie buildup of carbon dioxide in t.he atmosphere and 
the threat of species loss on a massive scale. 

Finally, to meet the challenges described in the Global 2000 Study our 
federal government requires a much stronger capability to project and 
analyze long-term trends. The Study clearly points to the need for impraving 
the present foundation for long-term planning. On this foundation rest deci- 
sions that involve the future welfare of the Nation. 

We wish to express our thanks to.and our admiration for the Director 

: e 

I. , 



of the Global ^000 Study, Dr. Gerald 0. Barney and his staff. Their 
diligence, d<»lication» and ablHfy to bring forth the best from a legion of con- 
tributors is much appreciated. Special thanks is also due to those of the 
Council on Bnvironmenitat Qualtty and the Department of State who worked 
closely with the Study tind to the 11 other agencies that contributed greatly to 
it.* Without the detailed knowledge provided by these 'agencies' experts, the 
Global 2000 Study woiild have 6een impossible. 



*Tke Federal agencies that cooperated with us in this efrort were the Depxrtmenit of Agrid^hure, Energy, 
*and^tfae Interior, the. Agency for International Oevtlopment, the .Central Intelligence AgenQr, the En- 
virOitmiental Protection Agency, thie Federal Emerji^ency Management Agency, the National Aeronautics 
> and Space Administration, the NMiooa) Science Foaqdation, the National Oceanic and Atmospheric Ad- 
ministration,, and the Office, •f Science knd Technology Policy. ' 





Thomas R. Pickering ^ 
Assistani Secretary, Qceam and 
lijtemationat Environmental 
and Scientific Affairsi . 
Department of State 



CUSS^ETH 

Chairman, 

Council on Environmental 
Quality 



Preface 



Environmental i>roblems do not stop at 
national boundaries, in the past decade, 
we and' other* nations have come to 
recognise the urgency of international ef- 
forts to protect our coihmon enviroii- 
merft.- 

As part of this process,, I am direct- 
ing the Council pn Environmental Quali- 
ty and'the Departir^ent of State, working 
in cdoperation with the Environmental 
Protection Agency, the National Science 
, Foundation, the National OceaniQ and 
' Atniospheric Administration, and other 
.appropriate agencies, to make a one-year ^ 
study of tile 'probable changes in the 
world^s population, tiatural resources, 
and envirohinent through the end df the 
century. This study will serve as the 
foundation of our longer-term planning. 

President Carter issued this directive in his 
Environmental Message to the Congress on May 
23, 1977. It marked the beginAing of what became 
alhree-year effort to discover the long-term impli- 
cations of present world trend^^ in. population, 
natural r(»ourc^, and the environment and to. 



assess the Government's foundation for long- 
range planning. 

Government concern with trends in ifopu(a- 
tion, resources, and environment is not liew. ln<^ 
deed, study of these issues by Federal commissions 
and planniiig boards extends back at least 70 
years.' The earlier studies, however, tended to 
view each issde without relation to the others, to 
limit their inquiries to the borders Of this nation 
and the short-term future, and to have relatively 
little effect on policy.* What is new in more recent*' 
studies is a growing awareness of the interdepen- 
dence of pOpulntioji, resources, and enviroriftient. * 
The Global 2000 Study is the first U.S. Govern^ 
ment effort tp look at all three issues from a long- 
.term global perspective that recognizes theirinter- 
relationships and attempts to make connections , 
among them. 

The Global 2000 Study is reported in three 
volumes. This Summary* is ihr fifst^ volume. 
Volume II, the Technical Report, presents the 
Study in further detail and is referenced extensive- 
ly in this Sunfmary. The third volume provides^ 
technical documentation on the Government's 
global models.' All three volumes are available 
from the U.S. Government Printing Office. 
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Major Findings and Conclusions 

If present trends continue*, the world in 2000 will be more crowded, 
more polluted, less stable ecologically, and more vulnerable to disruption 
than the world we live in , now. Serious stresses .involving population, 
resources, and environmsnt a(e«clearly visible ahead. Despite greater mate- 
rial output, the world's people will be poorer in many ways than they are 
today. 

For hundreds of millions of the desperately poor, the outlook for food 
and other necessities of life will be no' better. For many it will b^ worse. 
Barring revolutionary advances in technology, life for most people ort earth 
will be more precarious in 2006 than it is now— unless! the nations of the ^ 
' world act decisively tcTalter current .trends. 

' This, in essence, is the picture emerging from the U.S. Government's 
projections of probable changes in world p'dpulation, resources,' and 
environment by the end of the century,' as presented in the* Global 2000 ^ 
Study. They do not predict what wilPoccur. Rather, they depict conditions 
that are likely to develop if there are/no chaTiges in public policies, institu- . 
tlons, or rates of technological advance, ^nd if there are no wars or Other 
major disruptions. A keener awareness of the nature of the current trends, 
however, may induce changes tH^t will alter these trends and the projected 
outcome: , " . ;• . 



Principal.Findings 

Rapid grbwth in world poplilation'will hardly have altered by 2000. The^ 
world's pppulation will grow from 4 billion in f975 to 6.3S billion in 2000, ah 
increase of more than SOpercenK The rate of growth will slow only margin- 
ally, from 1.8 percent a to 1.7 percent. In terms of sheer numbers, 
population will be growing faster in 2000 than4t is today, with 100 million ^' 
people added each year comp%,red with 75 million in 1975. Ninety percent df 
this growth \yil! occur in the poorest countries. ' ; 

Wmle the economies of the l<^ss developed countries (LDCs) are ex- 
pected tb grow at faster rates th^n those of the industrialized nations, the 
gross national product per capita in most LDCs remains low. The average 
gross national product per capita is projected to rise substantially in some 
LDCs (especially in Latin America), but in" the great populous nations'of 
§duth Asia it remains below $200 a year (in 1975 dollars). The large existing 
gap between the rich and poor nations widens. v • 

World food production is projected to Increase 90 percent over the 30. 
ytiars from 1970 to 2000. This translates into a global per capita increase of 
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less th^n 15 perceni over the same period. The bulk of that increase goes to* 
countries. that already have relatively *high per capita food consumption. 
Meanwhile per capita consi^mptibn in South Asia, the Middle East, and 
the LDCs of Africa will scarcely improve or will actu^ly decline below prie- 

scnt inadequate levels. Authe iame time; real prices for food are expected to v 

double. ? ■ ' • * . 

Arable land will increase only 4 percent by 2000, soithat most 6f the in- 
creased output of food will have to come frbm higher yields. Most of the 
Clements that now' contribute to higher yields—fertilizer, pesticides, power . ^ 

for irrigation, and fuel for machinery— depend heavily on oil and gas. 

* During the 1990s world oil production will approach geological esti- 
mates of maximum production capacity, -even with rapidly increasing petro- . 
leum prices. The Study projects that the'richer industrialized nations will be 
able to command enough oil and other commercial energy sup.plies'to meet 
rising demands through 1990, With the expected price increases, many less 
developed countries will have increasing difficulties meeting energy needs. 
For the one-quarter of humisinkind that depends priniiarlly on wood for fuel, 
the outlook is bleak. Needs for fuelwood will exceed available supplies by ' , 
about 2^ percent before the turn of the century. 

While the world's finite fuel resources— coal, oil, gas, oil shalCi tar 
sands,- and uranium— are theoretically sufficient for centuries, they are not 
evenly dfetributed; they pose difficult economic and environmental prob- 
lems; and they vary greatly in their amenability to exploitation and use. 

Nonfiiel mineral resoiirces generally appear sufficfent to meejt projected 
demands through 2000, but further discoveries and investments will be ' 
-needed tb.maintain reserves. In addition, production obits will increase wllh 
energy prices* and may rnak&some nonfuel mineral resources uneconomic. 
The quarter of the >ybrld's population that inhabits industrial countries will 

cpntinue to absorb thcee-fourths of the world's mineral produefion. 

Regtonal water shortages will become more severe. In the 1970-2000 . 
period population growth alone will cause requirements for water to double, 
in nearly half the world. Still greater increases would be needed to improve 
• standards of living. In m^ny L.DC§, water supplies will befcome increasingly 
. erratic by 2000 as a resiilt of extensive deforestation. Development of new 
' water, supplies will become more costly virtually everywhere. 

Significant losses of world forests will continue over the next 20 yearS 
as demand for forest products and fuelwood increases. Growing stocks of 
.'Commerci?!-size timber are projected to decline 50 percent per capita. The 
world's forests, are no.w disappearing at the rate of 18-20 million hectares a 
year (an area half the size of California), with most of the loss occurring in " - \ 
the humid tropical foreSts of Africa, Asia, and South America. The projec- , 
tions indicate that by 2000 some 4b percent of the remaining forest cover in 
LDCs will be gone. 

Serious deterioration of agricultural spils will occur worldwide, due to 
erosion, loss of organic matter, desertification, salinization, alkalinization, 
and waterlogging. Already, an area of cropland and grassland approximately 
< • ' , • 

is 
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the size of Maine is becoming barren wasteland each year, and-the spread of 
desert-like conditions is likely to accelerate. , ^ 

Atmospheric concentrations of carbon dioxide and ozone-depleting 
chemicals are expected to increase ai rates that lould alter the world's climate 
and upper atmosphere significantly by 2050. Acid rain from increased com- 
bustion of fossil fuels (especially coal) threatens damage to lakes, soils,. and 
A:rops. Radioactive arid other hazardous materiajs present health and safety 
problems in increasing numbers of countries. 

Extinction^ of plant and animal species will increase dramatically. Hun- 
dreds of thousands of species— perhaps as many as 20 percent of all species 
on e^rth— will be irretrievably losi as their habitats vanish, especially in ^ 

tropical forests. . • • ' s • 

The future depicted by the U.S. Government projections, briefly out- 
lined above, may actually understate the impending problems. The methods 
Available for cafvmg out the Study led to certain gaps an'd inconsistencies 
that tend to impart* an cptimistic bias. For example, most of the individual 
projections for tjie various sectors studied— food, minerals, energy, and so 
on— assu(ne"tha': sufficient 'capital, energy, water, and land will be available 
in each of these sectors to meet their needs, regardless of the competingjieeds 
of the other sectors. More consistent, better-integrated projections would 
produce a still more emphatic picture of intensifying stresses, as the world 
enters the twenty-first century. 

Qonclusions 

>■ ' 

At present ^fid projected growth rates, the world's population would 
reach 10 billion by 2030 and would approach 30 billion by the end of the 
twenty-first century. These levels correspond closely to estimatefby the U.S. 
National Academy of Sciences of the maximum carrying capacity of the en- 
tire earth. Already thr populations in sub-Saharan Africa and. in the 
Himalayan hills of Asfe have exceeded the carrying capacity of the im- 
mediate area, triggering an erosion of the land's capacity to support life. The 
resulting poverty and ill health have further complicated efforts to reduce 
fertility. Unless this circle of interlinked problems is broken soon, popula- 
tion growth in such areas wrll unfortunately be slowed for reasons ot^er than 
deiliping birth rates. Hunger and disease will claim more babies and young 
children, and mord of those surviving will be mentally and physically handi- 
capped, by childhood malnutrition. 

Indeed, the problems of preserving the carrying capacity of the earth 
and sustaining the possibility of a decent life for the human beings that in- 
habit it are enormous apd close upon us. Yet there is reason for hope. It must 
be emphasized that the Global 2000 Study's projections are based on the 
assumption that national policies regarding population stabilization, 
resource conservation, and environmental protection will remain essentially 
unchanged through the end of the century. But in fact, policies are beginning 
to Change. In some areas, forests are being replanted after cutting. Some na- 
tions are taking steps to reduce soil losses and desertification. Interest in 
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energy conservation is growing, and large sums are being invested in explor- 
ing alternatives to petroleum dependence. The need for family planning is ^ 
slowly becoming better understood. Water supplies are being improved and 
waste treatment systems tuilt. High-yield seeds are widely available and seed 
banks a being expanded. Some wildlands witlj their genetic resources are 
being protected. Natural predators and selective pesticides are being sub- 
stituted for persistent and. destructive pesticides. 

Encouraging as these deve'opments are, they are far from adequate to 
meet the global challenges projected in this uudy. Vigorous, deterijiined new 
initiatives are needed if worsening poverty and human suffering,' environ- 
mental degradation, and international tension and conHicis are to be 
prevented. There are no quick fixes. The only solutions to the problems of 
populatuJlfrtesources, and environment are complex and longjterm. These^ 
problem* are inextricably linked to some <jf the- most perplexing and persis- 
tent problems in the world— poverty, injustice, and social conflict. New and 
imaginative ideas— and a willinr^ness to act on them— are essential. 

The needed changes go far beyond the capability and responsibility o^ 
this or any other single nation. An era of unprecedented cooperation and 
commitment is essential. Yet there are opportunities— and a strong rationale 
—for the United States to provide leadership among nations. A high priority 
for this Nation must be a thorough assessment of its foreign and domestic 
, policies relating to population, resources, and environment. The United 
States, possessing the world's largest economy, can expect its policies to haye 
a significant influence on global trends. An equally important priority for the 
United States is to cooperate generously and justly with other nations— par- 
ticularly in the areas of trade, investment, and assistance— in seeking solu- 
tions to the many problems that extend beyond our national boundaries. 
There are many unfulfilled opportunities to cooperate with other nations in 
efforts to relieve poverty and hunger, stabilize population, and enhance 
economic and environmental productivity. Further codperation among na- 
tions is also needed to strengtheiHKternational mechanisms for protecting 
and utilizing the "global commons"— the oceans and atmosphere. 

To meet the challenges described in this Study, the United States must 
Improve its ability to identify emerging problems and assess alternative 
responses. In using and evaluting the Government's present capability for 
long-term global analysis, the Study found serious inconsistencies in the 
methods and assumptions employed by the various agencies in making their 
projections. The Study itself made a start toward resolving these inade- 
quacies. It represents the Government's first attempt to produce an inter- 
related set of population, resource, and environmental projections, and it 
has brought forth the most consistent set df global projections yet achieved 
by U.S. agencies. Nevertheless, the projections ^till contain serious gaps and 
contradictions that must be corrected if the Government's analytic capability 
is to be improved. It must be acknowledged that at present the Federal agen- 
cies are not always capable of providing projections of the quality needed for 
long-term policy decisions. 

WhiW limited resources may be a contributing factor in some instances, 



the primary problem is lack of coordination. The U.S. Government needs a 
mechanism for continuous review of the assumptions and methods the 
Federal agencies use in their projection models and for assurance that the 
agencies' models are sound, consistent, and well documented. The improved 
analyses that could result would provide not only a clearc; sense of emerging 
problems and opportunities, but also a better means for evaluating alter- 
hativc responses, and a better basis for decisions of worldwide significance 
that the President, the. Congress, and the Federal Government as a whole 

must make. . 

With its limitations and rough approximations; the Global 2000 Stydy 
may be seen as no more than a reconnaissance of the future; nonetheless its 
conclusions arc reinforced by similar findings of other recent global studies 
that were examined in the course of the Global 2000 Study (see Appendix). 
All these studies are in general agreement on the nature of the problems and 
on the threats they pose to the future welfare of humankind. The available 
evidence leaves no doubt that the world— including this Nation— faces enor- 
mous, urgent, and complex problems in the decades immediately ahead. 
Prompt and vigorous changes in public policy around the world are needed 
to avoid or minimize these problems before they become unmanageable. 
Long lead times arc required for effective action. If decisions are ^clayed un- 
til the problems become worse, options for effective action will be severely 
reduced. 
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The study in Brief 



The President's directive esublishhig the 
OlobillOOO Study called for a "study of the prob- 
able changes in the world's population, natural 
fesourcei, and environmentthrough the end of the 
century" and Indicated that the Study as a whole 
was* W **«erve as the foundation of our longer- 
term punning."* The findings of the Study iden- 
tify problems to which world attention must be 
directed. But because all study reports, eventually 
become dated amf less useful, the Study's findings 
alone Gfmot provide the foundation called for in 
the dir^ive. The necessary foundation for longer- 
term planning lies not in study findings per se, 
bat in theJGovemment's continuing institutional 
capabilities— skilled personnel, daU, and analyti- 
cal models— for developing studi^ and analyses. 
Therefore, t6 meet the objective stated in the 
President's directive, the Global 2000 Study was 
designed not only to assess prob( ble changes in 
the world's population, natural resources, and 
environment, but also, through Jhe study process 
itself, to identify and strengthen the Government's- 
capability for longer-term planning and analysis.^ . 



Building the Study 



The process chosen for the Global 2000 Study, 
was to develop trend projections using, to the 
fullest extent possible, the long-term global data 
and models routinely employed by the Federal 
agencies. The process also included a detailed 
analysis' of the Government's globi^l modeling 
capabilities ai well as a comparison of the Govern- 
ment's findings with those of other global 
analyses. 

An txecutive group, eslablished and co- 
chaired by the Council on Environmental Quality 
and the State Department, together with a team of 
designated agency coordinators, assisted in locat- 
ing the agencies' experts, data, and analytical 
models. A number of Americans from outside 
Government and several people from other coun- 



tries advised'on the study structure. The agencies' 
expert met occasionally with some of these ad- 
visers to work out methods for coordinating data, 
models, and assumptions. 

Overall, the Federal agencies have an impres- 
sive capability for long-term analyses of world 
trends in popt^lation, resources, and environment. 
Several agencies have extensive, richly detailed 
data bases and highly elaborate sectoral models. 
Collectivelyi*^ the ^agencies' sectoral models and 
data constitute the Nation's pi;esent foundation 
for long-term \planning and analysis.' 

Currently, the pcincipal limitation in the 
Government's long-term global analytical capa- 
bility is that the models for various sectors were 
not designed to be used together in a consistent ' 
and interactive* manner. The agencies' models 
were created at different times, using different 
methods, to meet different objecfives. Little 
thought has beett given to how the various sectoral 
models— and the institutions of which they are a 
(t— can be r^ated to each other to project a 
cornmehensiye, insistent image of the world. As> 
res^t, there has been little direct interaction 
anlong the agentjes' scctorahmodels.* 
V With the Government's current models, the 
individual sectors addressed in the Global 2000 
Study could be interrelated only by developing 
projections sequentially, that is, by using the 
results of some of the projections "as inputs to 
others. Since population and gross national pi'od- 
uct (GNF) projections were require^ to estimate 
demand in the resource sector models, the popula- 
tion and GNF pfojections were developed first, in 
1977. The resource projections followed in late 
1977 and early 1978. All of the projections were 
linked to the environment projections, which were 
made during 1978 audi 1979.' ' 

The Global 2000 Study developed its projec- 
tions in a way that furthered interactions, im- 
proved internal consistency,' and generally 
strengthened the Government's global models. 
However, the effort to harmonize and Integrate 
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th^ Study's projections was only partially suc- 
cessful. Many internal contradictions and incon- 
sistencies could not be resolved. Inconsistencies 
arose immediately from the fact that sequential 
projections are not as interactive as events in the 
real world, or as projections that could b'e achieved 
in An improved model. While the sequential proc- 
ess' allowed some interaction among the model's 
Wtors, it omitted the contimtous influence that 
all the elements-rpopulation, Resources, economic 
activity, enyrronment— have upon each other. For 
example, (he Global 2000 Study food projectiqns 
assume that the catch from traditional fisheries 
will increase as fast'as w(^ld population, while the 
fisheries projections indicate that this harvest will 
not increase over present levels on a sustainable 
basis. If it has been possible to link the fisheries 
and food projections, the expected fisheries con- 
tribution to the human supply could have 
^een realistically reflected in the food projections. 
This and other inconsistencies are discussed in 
detail in the Technical Report.* 

Difficulties also arise from multiple alloca- 
tion of resources. Most of the quantitative projec- 
tions simply assume that resource needs in the sec- 
tor they cover— needs for capital, energy, land, 
water, minerals— will be met. S|nce the needs for 
each sector are not clearJy identified, they cannot 
be summed up and compared with estimates of 
what might be available. It is very likely that the 
same resources have been allocated to more than 
one sector.' 

Equally significant, some of the Study's 
resource projections implicitly assume that the 
goods and services provided in the past by the 
earth's i^nd, air, and water will continue to be 
available i|i larger and larger amounts, with no 
maintenance problems and no increase in costs. 
The Global 2000 Study projections for the en- 
vironment cast serious doubt oh these assump- 
tions.'^ . ' 

Collectively, the inconsistencies and missing 
linkages that are unavoidable with^the Govern- 
ment's current global models affect the Global 
2000 projections in many ways. Analysis of ttie 
assumptions underlying the projections and com- 
parisons with other global projections suggest that 
most of the Study's quantitative results understate 
the severity iof potential problems the world will 
face as it prepares to enter the twenty-first 
century.'* 



The question natur^ly arises as to whether 
circumstances have changed significantly since the 
earliest projections were made in 1977. The 
answer is nb. What changes have occurred 
generally support the projections and highlight the 
problems identified. The brief summaries of the 
projections (beginning on the next page) each con- 
clude with comments on how the projections 
might be altered if redeveloped today. 

The Global 2000 Study has thr^e major 
underlying assumptions. First, the projections 
assume a general continuation around tlie world 
of- present public policy relating to population 
stabilization, natural resource conservation, and 
environmental protection.* The projections thus 
point to the expected future if policies continue 
without significant changes. 

The second major assumption relates to the 
effects of technological developments and of the 
market mechanism. The Study assumes that rapid 
rates of technological development and adoption 
will continue, and that the rate of development 
will be spurred on by efforts to deal with problems 
identified by this Study. ParticipaUng agencies 
were asked to use the technological assumptions 
they normally use in preparing long-term global 
projections. In general, the agencies assume a con- 
tinuation of rapid rates of technological develop- 
ment and no serious social resistance to the adop- 
tion of new technologies. Agricultural technology, 
for example, is assumed to Continue Nincreasing 
crop yields as rapidly as during t>he past few 
decades, including the period of the Gre^n 
Revolution (see Figure 1). The projections assume 
no revolutionary advances—such as immediate 
wide-scale availability of nuclear fusion for energy 
production— and no disastrous setbacks— such as 
serious new health risks from widely used con- 
traceptives or an outbreak of plant disease se- 
verely affecting an important strain of grain. The 
projections all assume that price, operating 
through the market mechanism, will reduccTde- 
mand whenever supply constraints are Nmi- 
countered.'^ 

Third, the Study assumes that there will be no 
major disruptions of international trade as a result 

. ♦There arc a'few important exceptions to this rule. For exafti-. 
pie, the popujation projections anticipate shifts in publit policy 
that will provide significantly increased access to family plan- 
ning services. (Sec Chapter J4 of the Technical Report for fur- 
ther details*) 
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of war, disturbance, of the inieMiatfonal monetary 
system* or political disruption. The findingsof the 
Study dOf however, point to increasing poteniial 
for international conflict and increasing stress iti 
international financial arrangements. Should wars 
or a significitnt disturbance of the lDter-natlonat 
momtary systenr dc<Hjr, the projected trends 
would beliltered in unpredictable ways." 

Because of the limitations outlined above, 
Global 2000 kudy is not the definitive study of 
future population, resourcet and environment 
condVtions. Kor is it intended to be a prediction. 
The Study does provide the most inter nafly consis- 
tent and interrelated set of global projections 
available so far from the U.S. Ooyergmeni. 
Furthero^ore, Its major. findings are supported by 
a variety of nongovernmental globaUtudies based 
on more highly interactive models that project 
similar trends through the year 2000 or beyond." 

PdpulitJoii and Incionte 

f opulation and income projections provided 
tfie starting point for the Study. These projeclions 



were used whefcver possible in the resource pro- 
jeclions to> estimate demand. 

Population 

One of the most -importaiff fThdiiigs of the 
' Global 2000 Study is that enormous growth in the 
world's population ^ill occur by' 200^1ihder any 
of the wide range of assumptions considered in the 
Study, the world's population ii^creases 55 per- 
cent from 4.1 billion people in 1975 to 6.35 bilHon 
by 2000, under the Study's medium-gr^th pro- 
jections.* While tlicro is some unceriajniy in these 
numbers, even the iuwesi-growih population pro- 
jection shows a 46 percent increase— to 5.9 billion 
people- by the end of the century." 

Another important finding, is that the rapid 
growth of the world's'population will not slow ap- 
preciably. The rate of growth per year in 1975 was 
I .» percent; the projected rate for 2000 is 1 .7 per- 

*Mosi of ihc projections in the Technical Report— incluciing 
the population projections— provide a high, medium, and low 
series. Generally, only the medium series are discussed in this 
Summary Report. 



o«nt. Even under the lowest growth projected, the 
number of persons being added annually to the 
world's population will be significantly greater in 
2000 than today.'* 

Most of the population growth (92 percent) 
will occur in the less developed countries rather 
than in tl|e industrialized countries. Of the 6.3S 
biUion p^ple in the world in 2000, S billion will 
live in LDCs. The IDCs' share of the world's 
population increased from 66 percent in 1950 to 72 
percent in 1975, and is. expected to reach 79 per- 
cent by 2000. LDC population growth rates will 
drop slightly, from 2.2 percent a year in 1975 to 2 
percent in 2000, compared with 0.7 percent and 
0.5 po'cent in developed countries. In some LDCs, 



growth rates Will still be more than 3 percent a 
year in 2000. Table 1 summarizes the population 
projections. Figure 2 shows the distribution of the 
world's population in 1975 and 2000." ^ 

Figure 3 shows the age .structure of thf 
population in less developed and industrialized na- 
tions for 1975 ilndi 2000. While the structures 
shown for the industrialized nations become more 
column-shaped (characteristic of a mature and. 
- slowly growing population), ihb structures for the 
LDCs remain pyramid-shaped (characteristic of 
rapid growth). The LDC libpulations, predomi- 
nantly young with their childbearing years ahead 
of them, have a built-in momentum for further 
growth. Because of this mpmentum, a world 



TABLE 1 

PoNfitioB ProJccttoM for World, M^|or RcgloM, aid Selected Coutrlct 
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Ui fVOrlll 


I97S 




Incfcuc 




ropUiHiiiuil 
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by 2000 
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in 2001) 
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millions 








4.090 


^ 6.351 


. S5 


1.8 


. 100 


I.I3I 


. 1.323 


17 


0.6 


21 


2.9S9 


5.028 


. 70 


2.1 


79 


399 


814 


104 


2.9 


13 


2.274 


3.630 


60 


1.9 


57 


32S 


637 


• 96 


2.7 


10 


384 




20 


0.7 / 


7 ., 


706 


809 


14 


* 0.5 


13 


935 


1.329 


42 


1.4 


21 


618 


1.021 


fS 


2.0 


16 


I3S 


226 


68 


2.1 


4 


79 


•159 


100 


2.8 


2 


71 


149 


III 


3.0 


2 


43 


73 


71 


2.1 , 




42 


75 


77 


2.3 


• 


37 


57 


55 


1.7 


1 4 


37 




77 . 


2.3 




63 


135 


114 


3.0 




109 


226 


IM 


2.9 


4 


60 


131 


119 


3.1 


2 


214 


248 


16 


0.6 


4 


254 


309 


21 


0.8 


5 


112 


133 


19 


0.7 


2 


130' 


152 


17 


0.6 


2 


344 


378 


10 


0.4 
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World . ' 
More developed regions 
Lesi developed regions 

M^ior regions 
Africa 

Asit and Oceania 
Latin America 
U.S.S.R. and Eastern 
Europe 

North America* Western Europe. Japan» 
Australia^ and Nen/Zealand 

Selected countries and regions 
People's Republic of China 
India 
Indonesia 
Bangladesh 
Pakistan 
Philippines 
Thailand 
South Korea 

Nigeria 
BraiU ' 
Mexico 
United States 
U.S.S.R. 
Japan 

Eastern Europe 
WenemlBurope 



Source: QioM 2000 Technical Report. Table 2-10. 
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pq)ulation of around 6 btUton is a virtual certain- 
ty for 2000 even if fertility rates were someliow to 
dtcp quickly to r^lacement levels (assuming there 
are no disastrous wars, funine, or pestilence).'* 

The projected fertility rates and life expectan- 
cies, together with the age structure of the world's 
. population, are extremely significant fof later 
years since these factors infhience how soon 
world population could cease to grow and what 
the ultimate stabilized global population could be. 
The Study's projections assume that world fertil- 
ity rates will drop more than 20 percent oyer the 
197S-2000 period, from an average of 4.3 children 
per fertile woman to 3.3. In LDCs, fertility rates 
are projected to drop 30 percent as a result of 
. moderate progress in social and economic devel- 
oprfient and increased availability aiid use of con- 
traceptive methods. The projections also assume 
that life expectancies at birth for the world will in- 
cf«ue 11 percent, to 6S.S years, asji result of im- 
proved health. The projected increases in life ex- 
pectancies and decreases in fertility rates produce 
rougftly couqterbalancing demographic effects.'* 
In addition to rapid population growth, the 
JLDCs will .experience dramatic movements of 
rural populations to cities and adjacent set- 
tlements. If present trends continue, many LDC 
cities wiU become almost inconceivably large and 
crowded. By 2000, Mexico City is projected to 
have more than 30 million people— . 
roughly three times the present population oT the 
New York metropolitan area. Calcutta wjlPap- ' 
^proacb 20 million: GrMter Bombay, Greater 
" CairOf Jakarta, and Seoul are all expected to be in 
the 15^20 minit>n range, and 400 cities will have 
passed the million mark,'* Table 2 shows present 
and projected populations for 12 LDC cities. 

Rapid urban growth will put extreme pres- 
sures on sanitation, water supplies, health care, 
food,.shelter, and jobs. LDCs will have to increase 
urban services approximately two-thirds by 2000 
just to stay even with 1973 levels of service.per- 
capita. The majority of people in large LDC cities 
are likely to live in "uncontrolled settlements"— 
slums and shantytowns where sanitation and other 
public service are minimal at best. In many large 
cities— for example, Bombay, Calcutta, Mexico 
atyi Rio de Janeiro, Seoul, TaiiJei— a quarter or 
mor<^ Of thjc population already lives in uncon- 
trolled settlemenU, and the trend is sharply up- • 
' ward« It i$ not certain whether the trends projected 



table: 2^ 

Estimates and Rough Projections of Selected 
Urban Attlomeratioos in Developlag Countries 





I960 


1970 


1975 


2000* 




* 


Millions of persons 




Calcutta 


5.5 


6.9 


8.1 


19.7 


Mexico CHy 
Greater Bombay 


4.9 


8.6 


10.9 


31.6 


4.1 


5.8 


7.1 


19.1 


Greater Cairo 


3.^ 


5.7 


6.9 


16.4 


Jakarta 


2.7 


4.3 


5.6 


16.9 


Seoul 


2.4 


5.4 


7.3 


18.7 


Delhi 


2.3 


' 3.5 


4.5 


13.2 


Manila 


2.1 


3.5 


4.4- 


12.7 


Tehran 


. 1.9 


3.4 


4.4 


13.8 


Karachi 


1.8 


3.3 


4.5 


15.9 


Bogota 


1.7 


2.6 


3.4 


9.5 


Lagos 


0.8 


1.4 


2.1 


9.4 < 



Source: Global 2000 Technical Report. T«^ie 13-9. 



for enormous increases in LDC urban populations 
will in fact continue for 20 years. In the years 
ahead, lack'of food for the urban poor, lack of 
jobs, and increasing illness and misery may slow 
the growth of LDC cities and alter the trend." 

Difficult as uroan Conditions are, conditions 
in runtf areas of many LDCs are generally worse. 
Food, water, health, and income problems are 
often, most severjc in outlying agricultural aiid 
-grazing areas. In some areas rural-urban migra- 
tion and rapid urban growth are being accelerated 
by deteriorating rural conditions." ^ 

An updated medium-series population pro- 
jection would show little change from the Global 
2000 Study projections. World population in 2000 
would be estimated at about 6.18 (as. opposed to 
6.35) billion, a reduction of less than 3 percent. 
The expectation would remain that, in absolute 
numbers, population will be growing more rapidly 
by the end of the century than tofay." , 

The slight reducti^ in thtf^pulaition esti- 
mate is due primarily toWw data suggesting that 
fertility rates in some udf have declined a little 
more rapidly than earlier estimates indicated. The 
new data indicate that fertility declihes have bc- 
curred in some places even in the absence Of over- 
all socioeconomic progress." Between 1970 and 
1976, for example, in the presence of extreme 
poverty and malnutrition, fertility declines of 
10>1S percent occurred in Indonesia and lS-20 
percent in the poorest income classes in Brazil." 



Income * 

Projticted declines in fertility rates are based \ 
in part on anti^pated social and economic prog- 
ress, which 'is ultimatdy reflected in increased in- 
come. Income projections wer£ not possible, and 
gross naticAial product projections were used as 
surrogates. GNP, a rough and inadequate mea- 
sure of social ari^ economic welfare, is projected 
to increase worldwide by 145 percent over 25 years 
from 1975 to 20001 But because of population- 
growth, per capita MnP increases mpcb more 
slowly, fronrSl ,5O0|in ^975 to $2,300 in 2000-an . 
increase of 53 percMt For Jsoth the poorer and 
the richer countries,\at^ of growth in.ONP are 
projected to decelerat^ a|;ier 1985." 

GNP growth is expected to be faster in LDCs 
(an average annual growth' of 4.5 percent, or an 
approximate tripling over 25 years) than in devel- 
oped regions (an average ifnnual growth of 3.3 
percent,^ or somewhat more 'than a doubling). 
However, the LDC growth in gross national prod-* 
uct develops from a very low base* and population 
growth in the LDCs brings per capijta increases in 
GNP down to very modest proj^Ttions. While 
parts of the LDC world, especially ^veral coun- 
tries in Latin America, are projected lo improve 
significantly in per capita GNP by 2000, other 
countries will make little o( no gains from their 
i)resent low levels. India, Bangladesh, and 
Pakistan, for example, increase their per capita' 
GNP by 31 percent, 8 percent, and 3 percent, 
respectively, but in all thVee countries GNP per 
capita remains below $2Q0 (in 1975 dollars)." 
Figure 4 shows projected p^r capita gross national 
prdduct by regions in 2000» ^ . 

The present income disparities between the 
wealthiest and poorest nations are projected to 
widen. Assuming that presefit trends continue, the 
group of industrialized countries' will hlTve a per 
capita GNP of nearly.$8,500 (in 197S dollars) in 
2000, and North America, Western Europe, Aus- 
tralia, New Zealand, and Japan will average more 
thdn $11,000. By contrast, per capita GNP in the 
LDCs will average less than $600. For every $1 in- 
crease in GNP per capita in the LDCs, a $20 in- 
crease is projected for the industrialized 
cbuntries." Table 3 and 4 summarize the GNP 
projections. The disparity between the developed 
cQuntries and the fess' developed group is so 
marked that dramatically different rates of change 
would hie needed to reduce the gap-significantly.by 



the end of the ceiftury.* Disparities between the 
rich and poor of many LDCs are equally staking. 

Updated GNP projections would indicate 
somewhat lower economic growth than showft in 
the Global 2000 projections. Projections for the ^ 
member nations of the Organization for Ecb- 
nornic Cooperation and Development (OECD) 
l^ave been revised downward over the past 2-3 
years because of the effects of increasing 
petroleum prices and because of artticipateid mea- 
sures to- reduce inflation. An. turn, depressed 
growth in the OECD ecbnomies is, expected to lead 
to slowed growth in LDC economies. For exam- 
ple, in 1976 the World Bank projected that the in-' 
dustrialized nations* economies would expand at 
4.9 percent annually over the 1980-85 period; by 
1979 the* Ban|( had revised these projections 
downward to 4.2 percent annually over the 
1980-90 period. Similarly, between 19.76 and 1979 
Bank projections for LDC economies dropped 
•from 6.3 percent (1980-85 period) to 5.6 percent 
(1980-90 period)." 



Resources 

The Global 2000 Study resource projections 
are based to the fullest extent possible on (he 
population and GNP projections presented pre- 
viously. The resource projections cover food, 
fisheries, forests, nonfuel minerals, water, and 
energy. • - 

Food \ 

The Global 2000 Study projects world food 
production to increase at an average annual rate 
of about 2.2 percent over the 1970-2000 period. 
This rate of increase is roughly. equal to the record 
growth rates experienced during the 1950s, 1960s, 
and early 1970s, including the period of the so- 
called Green Revolution. Assuming no deteriora- 
tion in climate or weather, food production is pro-- 
jected to be 90 percent higher in 2000 than in 
1970." 



*The Aap would be signiricantly smaller— in some cases it 
would DC reduced by aboui one half— if the comparison were 
based on purchasing power considerations rather than ex- 
' change rates, but a large gap would remain. (See I. B. Kravis et 
al., International Comparisons of Real Product and Purchas- 
ing Power, Baltimore: Johns Hopkins University Press. 1978.) 



TABL^ 

GNP Estimttcs (197S) tnd ProJccUons Md Growth Rates (1985, 2000) by M«Jor Regions and 

Sckctcd Comitrics and Rcslbiis 





(Billions ofcomtanl i975 dollars) 










1975 
GNP 


1975-85 
Growth Rate 


1985 
Projections* 


1985-2000 
Growth Rate 


2000 
Projcctioni* 


WORLD 1 . * 
More daweloped resions 
Lcsi developed regions 


6.025 
4.892 
1.133 


percent 
4.1 
3.9 
5.0 


I 8.991 
^ 7.150 
1.841 


percent 
3.3 
3.1 
4.3 


14,677' 
11,224 
3,4S2 


MAJOR REGIONS 
Africa 

Asii and Oceania 

Latin America^ / 
U.S.S.R. tod Eastern Europe 
North America, Wettem Europe, Japan. 
Aiutralla. and NdKt Zealand 


162 

/ 697 V 
/ 326 
996 

3.844 


' 5.2 
4.6 

5.6 , 

3-3 . 

4.0 


268 
1,097 . 

564 
1,371 

. 3.691 


4.3 
4.2 
4.5 
2.8 


303 
2,023 
1,092 
2,060 

8,9l^ 


SELECTED COUNTRIES AND REQ^ONSe 
People's, Republic of China 
India 
Indonesia 
Bangladesh 
Paliistan 


' 286 
92 
24 
9 
10 


3.8 
3.6 
6.4 
3.6 
'3,6 


413 
131 
45' 
13 
14 


3.8 
2.8 
5.4 
2.8 
■ 2.8 


71S 
198 
99 

19 
21 


Philippines 
Thailand 
South Korea 
Egypt 
Nigeria 


16 
15 
•19 
12 
23 


3.6 
3.6 
5.6 
5.6 
6.4 


• 27 
25 
32 
20 
43 


4.4 
4.4 
4.4 
4.4 

5.4 


$2 
48 
61 
38 
94 


Brazil 

Mexica . 
United States^ 
U.S.S.R. 
Japan 

Eastern Europe (excluding U.S.S.R.) 
Western Europe 


108 
71 
1.509 
' ^ 666 
495 
' 330 
1.598 


5.6 
S.6 
4.0 

3.3 

4.0 . 

3.3 

4.0 


185 
122 

2.233 
917 
733 
454 

2.366 


'4.4 
4.4 

3.1 
2.8 

34 
2.8 

3.1 


353 
233 
3.530 
1,377 
1.158 
682 
3.740 



•Projected growth rates of gross naiional product were 
developed using cojnplex computer simulation techniques 
descHbed in Chapter 16 of the Global 2000 Technical Report. 
These proiections represent the result of applying those pro- 
jectcd growth rates.to the 197$ GNP data presented in the 1976 
World Bank Atlas. Projections shown here are for medtijum- 
growth rates. 
^Includes Puerto Rico. 



cln most cases, gross national income growth rates were pro- 
jected for groups of countries rather than for individual coun* 
tries. Thus the rates attributed to individual Lt>Cs in this table 
are the growth rates applicable to the group with which that 
country was aggregated for ipaking projections and do not ukr 
into account country specific characteristics. 
dDoes not include Puerto Rico. 
Source: Global 2000 Technical Report, Table 3-3. 
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TABLE 4 

Per Capita GNP Estimates (1975) and Projections and Grov^th Rates (1985. 2000) by Major Regions 

and Selected Countries and Regions 



1975 



(Constant 1975 U.S. dollars) 
Average Anitu^l Orovdth 



Rate, 1975-85 



1985 Average Annual Growth 2000 
Projections* Rate, 1985-2000 Projections* 



WORLD 1,473 

More developed countries 4,325 

Less developiMl countries . 382 

m 

MAJOR REGIONS 

Africa 40S 

Alia and Oceania . « 3Q6 

Latin America^ 1,005 

U.S.S.R. and Eaitern Euroipe- 2,591 
North America, Western Europe, 

Japan, Australia, and New Zeahind 5,431 

SELECTED COUNTRIES AND REGlONSc 



percent 

2.3 
3.2 
2.8 



2.2 
2.7 
2.6 
•2.4 

3.4 



1,841 
5,901 
501 



505 

398 . 
1,304' 
3,279 

7,597 



percent 

I.S 
2.S 
2.1 



1.4 

1.8 
2.1 

2.6 



2.311 
8.485, 
587 



620 
557 
1,715 
4,472 

11,117 



People's Republic of China 


306 


2.3 


384 


2.3 


, 540 


India 


148 


1.5 


171 


0.8 


J94 


Indonesia 


179 


4.1 


268 


3.1 


422 


Bangladesh 


III 


0.6 ' 


lie 


0.1 


120 


Pakistan 


138 


0.4 


144 ' 


-0.1 


142 


Philippines 


368 


3.2 


503 


2.3 


704 


Thailand 


' 343 


3.0 


460 ' 


2.2 


633 


Stifuth Korea 


507 


, 3.5 


718 


2.7 


1,071 


Egypt 


313 


. 2.9 


416 


2.2 , 


578 


Nigeria 


367 


3.3 


507 


.2.2 


698 


Brazil 


991 


2.2 • 


1,236 


1.6 


1,563 


Mexico 


1,188 


2.0 


1.454 


1.3 


1,775 


United St4tes<> 


7,066 


3.3 


9.756 


. 2.5 


14.212 


U.S.S.R. 


2,618 


2.3 


3,286 


, 2.1 


4.459 


Japan 


4,437 


3.1 


6.023 


/ 2.5 


8.712 


Ewtern Europe ^ 


2,539 


2.6 


3,265 . 


/ 2-2 


4,500 


Wcstcra Europe. 


4,653 


3.7 


6.666 


2.7 


9.889 



•The medhim-tj^ projections of gross luitiontl product and 
popuUtiOQ pretetitcd in Tables 3-3 and 34 of the Global 2000 
Technicil Report were used to calculate the 1975, ]985» and 
2000 per capita gross nationaf product figures presented in this 

^Includes Puerto Rico. 

Hn moit caicsi gross national product growth rates were pro- 
jected for groups of countries rather than for individual coun- 



tries. Thus, the rates attributed to individual LDCs in this table 

are the growth Tates applicable to the group with which that 

country was aggregated for making projections and do not take 

into account country-specific characteristics. 

('Does not include Puerto Rico, 

Source: Global 200a Technical Report, Table 3-5. 



The projections indicate that most of the in- 
crease in food production wilf come from more in- 
tensive use of yjeld^nhancing, energy-intensive 
inputs and technologies/ such as fertilizer* 
pesticides, herbicidest and irrigation-^in many 
cases With xliminishing returns. Land under 
cultivation is projected to increase only 4 percent 
by 2000 because most good land is already being 
cultivated. In the early 1970$ one hectare of arable 



land supported an average of 2.6 persons; by 2000 
one liectare will have to support 4 persons. 
Because of this tightening land constraint, food 
production is not likely to iticrease fast enough to 
meet rising demands unless world agriculture 
becomes significantly more dependent on petro- 
leum and petroleum-related inputs. Increased 
petroleum dependence also has implications for 
the cost of food production.^ After decades of 
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generally falling prices, the real price of food is 
projected to increase 95 percent over the 1970- 
2000 period, in significant part a$ a result of in- 
creased petroleum dependence." If energy prices 
in fact -rise more rapidly than the projections an- 
ticipate, then the effect cn food prices could be 
still jmore marked. 

On the average, world food production 
projected to increase , more rapidly than world 
population, with average per capita consumption 
increasing about 15 percent bietween 1970 and . 
2000. Per capita consumption in 'the industrialized 
nations is. projected to rise 21 percent from 1970 
levels, with increases of from 40 to more than 50 
percent in Japan, "Eastern ^Europe, and the 
U.S.S.R., and 28 percent in the United States.* In 
the LDCs, however, rising food output will barely 
keep ahead of population growth." 

An increase of 9 percent in per capita food 
consumption is projected for the LDCs as a 
whole, but with enormous variations among 
regions and, nations. The great populous countries 
of South Asia^xpected to contain 1.3 billion 
people by 2000— improve hardly at all, nor do 
large areas ot low-income North Africa and the 
Middle East. Per capita consumption in the sub- 
Saharan African LDCs will actually decline, ac- 
'cording to the projections. The LDCs showing the 
greatest per capita growth (increases of about 25 
percettt) are concentrated in Latin America and 
£ast Asia." Table 5 summarizes the projections 
for food productfon and consumption, and Table 
6 and Figure 5 show per capita food consumption 
by regions. 

The outlook for improved diets for the 
poorest people in the poorest LDCs is sqbering. In 
the 1970s, consumption of calories in the LDCs 
averaged only 94 percent off the minimum require- 
ments setj by the U.N. Food and Agriculture 
Organization (FAO).t Moreover, income and 

•"Comumption" staCistics are based on the amount of food 
that leaves the farms and does not leave the country and there- 
fore include transporution anti pi^ocessing losses. Projected in- 
creases in per capita consumption in countries IHie the United 

3s, where average consumption js already at least nutri- 
lly adequate, reflect increasing losses of food during 
portation and processing and might also be accounted for 
by increased industrial demand for grain, especially for 
fermentation intd fuels. ' 

rrh* FAO standard indicates the minimum consumption (hat 
will allow normal activity and good health in adults and will 
permit children lo reach normal body weight and intelligence m 
the absence of disease. . ■ , 



food distribution within individual LDCs is so 
skewed that national average caloric consumption 
generally must be 10-20 percent above minimum 
levels before the pdorest are likely to be able to af- 
ford a diet that meets the FAO minimum stan^. 
dard. Latin America is the only major LDC region 
where average caloric consumption is projected to 
be 20 percent or more above the FAO minimum 
standard in the year 2000. In the other LDC 
regions— SoAth, East, and Southeast Asia, podr 
areas of North Africa and the Middle East, and. 
especially Central Africa, where a calamitous drop 
in food per capfta is projected— the quantity of ' 
food available to the poorest groups of people will 
simply be insufficient to permit children to reach 
normal body weight and intelligence and to permit 
normal activity aiid good health in adults. Con- 
sumption in the LDCs of central Africa isvpro- 
jected to be more than 20 percent below the RAO 
minimum standard, assuming no recurrenetf of 
severe drought. In South Asia (primarily Ii^ia, 
Pakistan,- and Bangladesh), average caloric Intake 
is projected to remain below the FAO minimum 
standard, although increasing slightly— from 12 
percentrbelow the FAO standard in the mid^l970s 
to abou^ 3 peicent below the standard in 2000. In 
East Asia, Southeast Asia. and. afflueiit. areas of 
North Africa and the Middle East, average per 
capita caloric intakes are proje^ed to be 6-17 per- 
cent above fXo minimum rrquirement levels, but 
because the great majority of people in these 
regions are extremely poor, they will almost cer- 
tainly continue to eat less than the minimum. The 
World Bank has estimated that the number of 
malnourished people in LDCs could rise from 
400-600 million in the mid-1970s to 1.3 billion in 

2000." ; 

The projected food situation has many impli- 
cations for food assistance and trade*. In the devel- 
oping world, the need for imported food is ex- 
pected to grow. The most prosperous LDCs will 
turn increasingly to^ the world commercial 
.markets. In the poorest countries, which lack the 
wherewithal to buy food, requirements for inter- 
national food assistance will expand. LDC ex- 
porters Cesi^ially Argentina and Thailand) are 
projected to enlarge food production for export 
because of their cost advantage over countries 
dependent on energy-intensive inputs. LDC grain- 
exporting countries, which accounted for only a 
little more than 10 percent of the world grain 
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TABLE 5 

tirtli Pfo4idl«i» CoMwiptloa, m<I Tnulc, Actiuri and I^Jccttd, 
tMl P«fccNt tiKKiMe In totil Food Productton and Consniiipttoii 



1969^71 



Grain 

(mitUon mttrtc tons) 



1^3-75 



2000 



Food 
(Percent Incrtase 

over the 
1970-2000 period) 



tndmriMud caumrie$ 










Production 


40h7 


434.7 


679.1 


43.7 


Comtiinption 


$74.3 , 


374.6 


610.8 


47.4 






4-61 fi 


+ 68 3 




Unit^ smt$ 








78.S 


Production 


208.7 


228.7 


402.0 


COQiiimption 


. 169.0 


1S8.S 


272.4 


S1.3 


Trade 


+ 39.9 


+ 72.9 


+ 129.6 




OlMcr developed exporters ' 






106.1 


Sl;6 


Production 


S8.6 


61.2 


Comumption 


33.2 


34.3 




66.8 


Trede 


•t-28.4 


+ 27.7' 


^ +40.9 




Western Europe 






1S3.0 


14.6 


Producfiion 


121.7 


132.9 


Consumption 


144.2 


1SI.7 


213.1 


31.6 


Tride 


-21.8 


-19.7 


-60.1 • 




Japan 






18.0 ' 


31.S 


• Prodt^on 


12.7 


11.9 


Codf^umption 


. 27.9 ♦ 


30.1 


60.1 


92.8 


'Trf4e 


-14.4 


-IW 


-42.1 




Centrally planned countries 






722.0 


74.0 


Production 


401.0 ^ 


'439.4 


Consumption 


406.6 


472.4 


7S8.5 


79.9 . 


.Trade 


-5.2 


-24.0 


, -36.5 




Eastern Europe 








83.2 


Production 


72.1 


^ 89.4 


.140.0 


Cottsuinption 


78.7 


97.7 


ISI.S 


•81.7 


Trade 


-6.1 


-7.8 


-11.5 












72.7 


Production 


16S.0 


179.3 


290.0 


Coniuniption 


161.0 


200.7 


303.0 




Trade 


+ 3.9 


* -10.6 


-15.0 




People^s Republic of China 








. 69.0 


Pfoduct^n 


163.9' 


176.9 


292:0 


Consumption 


166.9 


180.8 


. 302.0 


71.4 


Trade 


-3.0 


-3.9 


-10.0 





mtrrket in 1^5, are projected to capture more 
than 20 percent of the market by 2000. The United 
States is expected to continue its rple as the 
world's principal food exporter. Moreover, as the' 
year 2000 approaches and more margitial, 
mther'Sensitive lands are brought into produc- 
tion arouiid the world, the United States is likely 
to become even more of a residual world supplier 
than today; that is, U.S. producers will be re- 
sponding to widening, weather-related swings in 
world production iind foreign demand.'* 

Revised and updated food projections would 



reflect reduced estimates of future yields, in- 
creased pressure on the agricultural resource base, 
and several changof in national food policies. 

Farmers' costs of raising— and even main- 
taining—yields have increased Rapidly in ^ent 
years. Vnp costs of energy-lht^sive, yield- 
enhancing inputs— fertilizer, pesticides, and 
fuels— have risen very rapidly throughout the 
world, and where these inputs are heavily used, in- 
creased ' applications are bringing diminishing 
returns. In the United States, the real cost of pro- 
ducing food increased roughly 10 percent in both 
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TABLES(Com.) 



leu div^loptd countries 
JSoiiiiiiiiHion 



fii 



imion 
Coniiimpiion 



CoiiiumptkMi 
NqfthAlrkm/MiddleeMt 

dbtr AfflciiiLDCs 
CoiitiimiKipn 



SoutfiAfia 

Production 

Cooiumption 

Tride 
iSotttheiit Alia 

•Production 

CoAiumption 

Trade ^ 
Ban Asia 

Productioil 

Coniumptijon 

Trade I 

World ' V 

Production/Consumption 



Grain 

(million metric ton^) 

' — 



1969-71 



1973-75 



2000 



Food 
(Percent increase 

over the 
1970-2000 period) 



306.5 






326.6 


3SS.0 


772.4 


- 18*9 








34.5 


84.0 


18.4 


21.5 


36.0 


•1-11.3 


-1-13.1 


+48.0 


276 4 . 


294.2 


N 656.6 


308.2 


33J.5 


736.4 


-29.8 


-42.6^ 


-79.8 


M 8 


72.0 


185.9 


61.2 


71.2 


1M.0 


+ 3.2 

■ . 


+0.2 


+ 19.9 


*v 




3k:9 


42.4 


89.0 


49.5 


54.1 


123.7 


-9.1 


- 13.8 


-29.7 




31.3 


63.7 


33.0 


33.8 


63.0 


-1.0 


-2.4 


+0.7 


119.1 


127.7 


259.0 


125.3 


135.1 


275.7 


-6.2 


-9.3 . 


-16.7 


22.8 


21.4 


65.0 


19.3 


17.9 


47.0 


+ 3.4 


»3.7 


+ 18.0 


--^9.9 ■ 


34.0 




38.3 


< 42.9 


97.0 


-8.8 


-9.7 


-24.0 








1.108.0 


1.202.0 


2.141.7 

* 



147.7 
142.8 



125.0 
58.0 



149.3 
148.9 



184.4 

165.3^, 



i 



157.8 
167.3 



104.9 
96.4 



116.8 
119.4 



210.0 
163.6 



155.3 
164.9 



91.0 



NC,^- U, „«. Plus 1.™ io<llc.t« "n»s »i.n ,^iT.S'?.£S«T'' " 

indicates import. 



•Argentina and Thailand. 



scenarios (e.g., Bra^il^ Indonesia, and Colombia). 
Source: Global 2000 Technical ''eport. Table 6-5. 
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1978 and 1979.'* Other industrialized countries 
have experienced comparable production cost in- 
cifiises, Cost increases in the LDCs appear to be 
lower, Dttt are still 2-3 times the annual increases 
of the . 1960s' and early 1970s. While there have 
been significant improvements recently in the 
yields of selected crops, the diminishing returns 
and rapidly rising costs of yield^nhanclng inputs 



suggest that yields overall wi|l increase more 
slowly than projected. 

Since the food projcctiohs were made, there 
have been several important shifts in national 
food and agricultural po.Ucy concerns, in most in- 
dustrialized countries, concern with protecting 
agricultural resources, especially soils, has in- 
creased -as th6 resource implications of sustained 



TABLED 

Md Pcf«iil immm i» Capita Total Food Prodoetioa aad CoasanptloB 



Ojain Food 
(kthgnms ptr capita) (Pereeni increase 

- ■■ over the. 

U69-71 1973-73 2000 , 1970-2000 period) 















573.6 


S92.6 


769.8 


18.4 


Cdmiimptioa 


534.4 


- 310.7 


692.4 


21.2 




+43.B 


+ 84.0 


+TfA . 




UiiHM Statet 










Prcidiiotion 


1,018.6 


1,079.3 


1,640.3 


31.1 


CoffiUiniHion 


824.9 


748.0 


1,111.3 


28.3 


Tfidt > 


4194.7 


•1-344.0 


•1-328.8 




Other developed exporters 










Prodiiciioii 


1.013.6 


» 917.0 


913.6 


-11.3 


Comiiinption 


373.4 


314.0 


362.6 


-5.7 


Tride 


•1-492.2 


•(-413.0 


" 333.0 




Waiern Biuope 










ProdMctiOQ 


364.9 


388.4 


394.0 


1.0 


Codtamptton 


432.4 


443.3 


348.8 


15.5 


Tride 


-63.4 


-37.6 


-154.8 




JilMfl 












121.7 


108.3 


133.4 


6.1 


CMHiunptkHi 


267.3 


274.4 


432.3 


54.2 


tmde 


-138.1 


- 173.9 


-316.7 




Cattriily plinoed countries « 










(^Metk^n 


3S6.1 


368.0 


431.1 


29.6 


CoaMmiptloii 


361.0 


393.6 


473.9 


3i5.8 


Trid^ 


-4.6 


-20.1 


-22.8 




Eiitero Biirope 










FrodiMrtkm 


374.0 


693.0 


921.9 


53.3 


Cmumptioii 


626.6 


737.4 


997.6 


52.1 ^ • ■ 


Tude 


-48.6 


-60.3 


-73.8 












Production 


697.6 


711.2 


903.2 


28.1 


CoiMMption 


663.1 


796.1 


949.9 


41.4 


Trtdf 


•I-I6.1 


-42.0 


"46.7 . 




People's Republic of Chint 










Productiofi « 


216.3 


217.6 


259.0 


17.4 


Cdnniioptlon 


220.2 


222.4 


267.8 


19.1 


^ridf 


-4.0 


-4.8 


-8.8 





proOuctioii of record quantities of food here 
become more apparent. Debate on the 1981 U.S. 
farm biil« for example^ Will certainly include more 
consideration of "exporting top soil** than was 
foreseeable at the time the Global 2000 Study*s 
food projections were made." The heightened 
ConcerA for .protection of agricultural resources is 
leadifli to a $earch for policies that encourage im- 
proved resource management practices. Still fur- 
ther pressure on the resource base can be expected, 
however, due to rising industrial demand for 
grain, especially for fermentation into alcohol- 

{ 



based fuels. Accelerated erosion, loss of natural 
soil fertility and other deterioration of the 
agricultural resource base may have more effect in 
the coming years than is indicated in the Global 
2000 food projections. 

- In the LCiCs, many governments are attemp- 
ting to accelerate investment in food production 
capacity. This policy emphasis^ offers important 
long-term benefits. Some LDC governments are 
intervening niore frequently in domestic food 
markets to keep food prices low, but often at the 
c6$t .^f low rural incomes and slowed development 
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TABLE 6 (Com.) 
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UiidiVitopM countries 
pn^ductioii 



UtlllAlMricft 
PfQdiieiioii 

Tfidt 

NortliArrici/MiddkE«sl 
Pfodttctidi 
CoMttfllption 



OtbtrArriciiiLDCi 

Pf0di|ctkm 

COfiiuinpllofi . 

Tfidt 
South Asia 

Prodiiction 

CdttMliiiption 

Tridc 
Soiitl^iil Alia 

Prpductton 

Cootumption 

tnMte 
EaKAite 

Production , 

Coi^umpcionj 

Trad« 
Wortd 

Production/Consumption 



Grain 

(kilogntmspercBipilQ) 



im-n 



1973-75 



2000 



Food 
Ptrceni increase 

over (he 
1970-2000 period 



176.7 

m.i . 

-10,7 , 


168.7 
182.2 , 
- 15.1 


197.1 
205.5 
-8.4 


8.6 


- 


491.0 
300.1 
+ 114.3 


521.9 
+ 198>>s 


671.7 
287.8 
+ 383.9 


in A 
-22.6 




IS9.4 
177.7 
-17.2 


173:8 
193.6 • 
-24.1 


180.7 
^02.7 
-21.9 , 


tt% a 
10.8 


• ■ 


236.1 
226.3 
+ 11,8 


241.0 
238.3 
+ 2.7 


311.4 
278.1 
+33.3 


JJ*7 

2S.I 




217.1 
276.2 
-S0.8 


214.6 
273.8 
-«9.8 


222.S 
292.8 
-70.3 


— 1.0 

2.2 




134.9 
139.1 
-4.2 


118.3 
127.7 
-9.1 


113.2 
11?.0 
+ 1.2 


-19.1 




161.6 ^ 

170.0 

-8.4 


162.4 ■ 
171.8 
-11.8 


170.0 
181.0 
-11.0 


4.6 
5.8 


• 


244.7 

'207.2 
+37.5 


214,5 
182.6 
+ 31.9 


316.5 
228.5 
+87.5 


35.9 
14.6 


V 


137.3 
176.2 
-40.4 


136.0 
171.5 
-38.8 


163.S 
217.3 
-53.8 


22.8 
27.3 




311.5 


313.6 


343.2 


14.5 





Hoir. In trwle fif urw, plus sign Indicates export, minus sign in- 
dicate* import. 
•Argentina and Thailand. 



bAII others, including several countries that export in some 
scenarios (e.g., Brazil, Indonesia, and Colombia). 
Source: Global 2000 Technical Report, Table fr^. 



of agricultural production capacity." 

Worldwide, the use of yield-enhancing inputs 
is likely to be less, and soil deterioration greater, 
than expected. As a result, revised food projec- 
tions would show a tighter food future-^some- 
what less production and somewhat higher prices 
—than indicated in the Olobal 2000 projections. 

FtslMrict 

Fish is an important component of the 
world's diet and has sometimes been put forth as a 



possible partial solution to world food shortages. 
Unfortunately, the world harvest of Q^is ex- 
pected to rise little, if at all, by the year The 
world catch of naturally pr.oduced fish leveled off 
in the 1970s at about 70 million metric tons a year 



♦The food projections assumed that the world fish catch would 
increase at essentially the same rate as population and are 
therefore likely to prove too optimistic on this point. (See 
Chapters 6, 14, and 18 of the Olobal 2000 Technical Report for 
further discussion of this point.) 



H 



(60 million. metric tons for marine fisheries, 10 
million metric tons for freshwater species). Har- 
vests of traditional fisheries are not likely to in- 
crease on a sustained basis, and indeed to main- 
tain them will take good management and im- 
proved protection of the marine environment. 
Some potential for greater harvests comes from 
aquaculture and from nontraditional marine 
species, such as Antarctic krill, that are little used 
at present for direct human consumption." 

•Traditional freshwater and marine species 
might be augmented in, some areas by means of 
aquaculture. The 1976 FAO World Conference pn 
Aquaculture concluded that a (ive- to tenfold in- 
crease in production from aquaculture would be 
possible by 2000, given adequate financial and 
technical support. (Aquaculture contributed an 
estimated 6 million metric tons to the world's total 
catch in 1975.) However, limited investment and 
technical support, as well as increasing pollution 
of freshwater ponds and coastal water, are likely 
to be a serious impediment to such growth." 

While fish is not a solution to the world needs 
for calories, fish docs provide an important source 
of protein. The 70 million metric tons caught and 
raised in 1975 is roughly equivalent to 14 millioh 
metric tons of protein, enough to supply 27 per- 
cent of the minimum protein requirements of 4 
billion people. (Actually since more than one-third 
of the fish harvest is used for animal feed, not 
food for humans, the contribution of fish to 
human needs for protein is lower than these 
figures suggest.*') A harvest of about 115 million 
metric tons would be required to supply 27 percent 
of the protein needs of 6.35 billion people in 2000. 
Even assuming that the catch of marine and 
freshwater fish rises to the unlikely level of 100 
million metric tons annually, and that yields from 
aquaculture double, rising to 12 million tons, the 
hypothetical total of 112 metric tons would not 
provide as much protein per capita as the catch of 
the mid-1970s. Thus, on a per capita basis, fish 
may well contribute less to the world's nutrition in 

2000 than today. 

Updated fisheries projections would show lit- 
tle change from the Global 2000 Study projec- 
tions. FAO fisheries statistics are now. available 
for 1978 and show a world catch of 72.4 million 
metric tons. (The FAO statistics for the 1970-78 
period have been revised downward somewhat to 
reflect improved data on the catch of the People's 



Republic of China.) While there has been some 
slight recovery of the anchovy and menhaden 
fisheries, traditional species continue to show 
signs of heavy pressure. As indicated in the Global 
2000 projection's, the catch of nontraditional 
species is f illiiig in to some extent. Perhaps the big- 
gest change in updated fisheriies projections would 
stem from a careful analysis of the effects of the 
large increase in oil prices that occifrred in 1979. 
Scattered observations sugj^est that fishing fleets 
throughout the world are being adversely affected 
except where governments are keeping oil prices to 
fishing boats artificially low.." " 

Forasts ^ 

If present trends continue, both forest cover 
and growing stocks of commercial-size wood in 
the less developed regions (Latin America, Africa, 
Asia, and Oceania) will decline 40 percent by 
2000. In the industrialized regions (Europe, 

TABLET - 
Estimates of Worid Forest Resources,- 



U.S.S.R. 
Europe 

North America 
Japan. Australia, 
' New Zealand 
Subtotal 

Latin America 
Africa 

Asia and Pacific 
LDCs 

Subtotal (LDCs) 
Total (world) - 



Industrial countries 

LIKTs 

Global 



1978 and 2000 


• 




Closed Fo/est" 
(millions of 
hectares) 


O'rowing Stock 
{billions cu m 
overbark) 


1978 


2000 


1978 


2000 


78S 
140 

470 


775 
ISO 
464 


79 
IS 
58 


77 
13 
55 


69 
1,464 


6i 
1,457 


4 

156 


4 

149 


SSO 
188 


329 
^50 


94 
39 


54 

31 


361 
1,099 


181 
660 


38 
171 


19 
104 


2,S63 


2,117 


327 


253 






Growing Stock 
per Capita 

(cu m biomass) 
142 114 
57 21 
76 40 



"Closed forcsis arc relatively dense and produciivc forcsjs. 
They are defined variously in differcni parts of ihc worW. 
For further <lctails, sec Olobai 2000 Technical Report, 
footnote, p. in. 

Source: Global 2G0O Technical Report. Table 13-29. ^ 
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Figure 6. Per capita wattr availability* t971. 
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the U*S«S.R., North America, Japan, Australia, 
New ZeaUnd) forests will decline only 0.5 percent 
and growing stock about 5 percent. Growing stock 
per capita is expected to decline 47 percent 
worldwide and 63 percent in LDCs.^' Table 7 
shows projectejd forest cover and growing stocks 
by region for 1978 and 2000. 

Deforestation is projected to continue until 
, about 2020, when the total world forest area will 
stabilize at aibout K8 billion hectares. Most of the 
loss will occur in the tropical forests of the devel- 
oping world. About 1.4S billion hectares of forest 
in the industrialized nations has already stabilized 
and about 0.37 billion hectares of forest in the 
LDCs is physically or economically inaccj^ssible. 
By 2020» virtually all of the physically accessible 
forest in the LDCs is expected to have been cut,^^ 
The real prices of wood products— fuelwood, 
sawn lumber, wood panels, paper, wood-based 
chemicals, and so on— are expected to rise con- 
siderably as GNP (and thus also demand) rises and 
world jsupplies tighten. In the industrialized na- 
tions, the effects may be disruptive, but not cata- 
strophic. In the less developed countries, however, 
90 percent of wood consumption goes for cooking ^ 
and heating, and wood is a necessity of life. Loss 
of woodlands will force people in many LDCs to 
pay steeply rising prices for fuelw9od and char- * 
coal or to spend much more c;ffort collecting 
wood— or else to do without/' 

Updated forest projections would present 
much the same picture as the Global 2000 Study 
projections. The rapid increase in the price of 
crude oil will probably limit the penetration of 
kerosene sales into areas now depending on fuel- 
wood ancidung and, as a result, demand for fuel- 
wood may be somewhat higher than expected. 
Some replanting of cut tropical areas is occurring, 
but pnly at low rates similar to those assumed in 
the Global 2000^Study projections. Perhaps the 
most encouraging developments are those asso- 
ciated with heightened international awareness of 
the seriousrjess of current trends in world 
forests.** 



Water 

The Global 2000 Study population, GNP, 
and resource projections all imply rapidly increas- 
ing demands for fresh water.^^ Increases of at least 



200-300 percent in world water withdrawals are 
expected over the 1975-2000 period. By far the 
largest part of jthe increase is for irrigation. The 
United Nations has estimated that water needed 
for irrigation, which accounted for 70 percent of 
human uses of water in 1967, would double by 
2000. Moreover, irrigation is a highly consumptive 
use, that is, much of the water withdrawn for this ' 
purpose is not available for immediau reuse 
because it evaporates, is transpired by plants, or 
becomes salinated.*' 

Regional water shortages and deterioration of 
water quality, already serious in many parts of the ^ • 

world, are likely. to become worse by 2000. Esti- 
mates of per capita water availability for 1971 and 
2000, based, on population growth alone, without 
allomncefor other causes of increased demand, 
are shown in Figures 6 and 7. As indicated in these 
maps, population growth alone will cause 
demands for water at least to double relative to 
1971 in nearly half the countries of the world. Still > 
greater increases would be needed to improve 
standards of living/' ' ' ^ 

Much of the increased demand for water will 
be in the LDCs of Africa, South Asia, the Middle ' 
East, and Latin America, where in many areas 
fresh water for human consumption and irrigation 
is already in short supply. Although thje data ar$ 
sketchy, it is known that several nations in these 
areas will be'approaching their maximum develop- 
able water supply by 2000, and that it will be quite 
expensive to develop the water remaining. More- 
over, many will also suffer destabilizaiion 
of water supplies following extensive loss of 
forests. In the industrialized countries competition 
among different uses of water— for increasing 
food production, new energy systems (such as pro- 
duction of synthetic fuels from coal and shale), in- 
creasing power generation, expanding food pro- 
duction, and increasing needs of other in- 
dustry— ^vill aggravate water shortages in many ' 
areas. 

Updated water projections would present 
essentially the same picture. The only significant 
change that has occurred since the projections 
were developed is that the price of energy 
(especially oil) has increased markedly. Increased 
energy costs will adversely affect the economics of 
many water development projects, and may 
reduce the amount of water available for a variety 
of uses. Irrigation, which usually requires large 
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amounts of energyUor pumping, may be par- 
ticularly affected. 

NonfHd Minerals 

The trends for nonfuel minerals, like those for 
the other resources, considered in tlie Global 2000 
Study, show steady increases in demand «nd con- 
sumption. The global demand for and consump- 
tion of most }najor nonfuel mineral commodities 
is projected to increase 3-S percent annually, 
slightly more than doubling by 2(0d. Consump- 
tion of all major steelmaking mineral commodities 
is projected to increase at least 3 percent annually. 
Consumption of all mineral commodities for fer- 
tilizer production is projected to grow at more 
than 3 percent annually, with consumption of 
phosphate rock growing at 5.2 percent per 
year— the highest growth rate projected for any of 
the major nonfuel mineral commodities. The non- 
ferrous metals show widely varying projected 
growth rates; the growth rate for aluminum, 4.3 
percent per year, is the largest." 

The projections suggest that the LDC's share 
of nonfuel mineral ise will increase only modest- 
ly. -Over the 1971-75 period, Latin America, 
Africa, and Asia used 7 percent of the world's 
aluminum production, 9 percent of the copper, 
and 12 percent of the iron ore. The thr6e-quarters 
of the world's population living in these regions in 
2000 are projected to use only 8 percent of alumi- 
num production, 13 percent of copper production, 
and 17 percent of iron ore production. The one- 
quarter of the world's population that inhabits in- 
dustrial countries is projected to continue absorb- 
ing more than three-fourths of the world's nonfuel 
minerals production." Figure 8 shows the geo- 
graphic distribution of per capita consumption of 
nonfuel minerals for 1975 and 2000. 

The projections point to no mineral exhaus- 
tion problems but, as indicated in Table 8, further 
discoveries and investments will be needed to 
maintain reserves and production of several 
mineral commodities at desirable levels. In most 
cases, however, the resource potential is still large 
(see Table 9), especially for lo>^rade ores." 

Updated nonfuel minerajp^ojections would 
need to give further attMtt^ to two factors af- 
fecting investment in mffung. One is the shift over 
the past decade in investment in extraction and 
processing away from the developing countries 
toward industrialized countries (although this 



trend may now be reversing). The other factor is 
the rapid increase in energy pn;pes. Production of 
many nonfuel minerals is highly energy-intensive, 
and the rec e*nt and projected'increases in oil prices 
can be expected to slow the expansion of these 
mineral supplies.'' 

Energy ' \ 

The Global 2000 Study's energy projections 
show no early relief from the world's energy prob- 
lems. The projections point out that petroleum 
prodiiction capacity is not increasing as rapidly as 
demand. Furthermore, the rate at which pefro- 
leum reserves are being added per unit of ex-^ 
ploratory effort appears to be falling. Engineering 
and geological considerations suggest that world 
petroleum production will peak before^the end of 
the century. Political and economic decisions in 
'the OPEC countries could cause oil production to 
level off even before technological constraints 
come into play. A world transition away from 
petroleum dependence must take place, but there 
is still much uncertamty as to how this transition 
will occur. In the face of this uncertainty, it was 
not possible at the t ime the Global 2(j00 energy 
projections ^ferT^made— Jatc 1^77— for ' the 
Department of Energy (DOE) to develop- mean- 
ingful energy projections beyond 1990." Updated 
DOE analyses, discussed at the end of this section, 
extend the global energy projections available 
from the U.S. Government to 1995. 

DOE projections prepared for the $tudy 
show large increases in demand for all commercial 
sources over the 1975-90 period (see Table 10). 
World energy demand is projected to increase 58 
percent, reaching 384 quads (quadrillion British, 
thermal units) by 1990. Nuclear and hydro sources 
(primarily nuclear) increase most rapidly (226 per- 
cent by 1990), followed by oil (58 percent), natural 
gas (43 percent), and coal. (13 percent). Oil is pro- 
jected to remain the world's leading energy 
source, providing 46-47 percent of the world's 
total energy through 1990, assuming that the real 
price of oil on the international market increases 
65 percent over the 1975-90 period. The energy 
projections indicate that there is considerable 
potential for reductions in energy consumption." 

P^ capita energy consumption is projected to 
increase everywhere. The largest increase— 72 per- 
cent over the 1^75-90 period— is in industrialized 
countries other than the United States. The 
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» TABLES 

Ute B*#MtMckt or 1976 World mmu of Sftectcd Mineral Commotfltkt 
tt Two Diffcftit ](UltC8 of 0ciii«mi 



Projected 

1976 1976 Demand Growth" 

R^terves Pi^mtry Denuuid Rate 



Ufe Expectancvin Ytart* 
Static at driawiiifat 
1976 Level Prpjected Ratci 







perceni 


18 


37 


-2.1 


4.38 


6,100 


303 


2.33 


20 


166 


6.4 


3.05 


26 


5,210, 


239 


0.50 


22 


1,700 


SO 


3.16 


34 


136 


3.7 . 


3.14 


37 


4.200 


81 


3.26 


52 


10,00(r 


241 


2.05 


41 


503 


8.0 . 


2.94 


63 


60 


0.7 


2.94 , 


86 


297 


2.7 


3.75 


110 


25,732 . 


107 


5.17 


240 


1.100 


11.0 


3.36 


164 


103 


0.6 


2.95 


172 


5.610 


18 


4.29 ^ 


312 


829 


2.2* 


-1 ■ 

1.27 


377 


124630 


2* 


'3.27 


470- 



~. — — , . " y 
fim 




13 
17 
19 
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23 
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U0»IUIon short twUi 



jfy(Mir>^^^^t)i^ dita :for.hclium and induitHal diamonds 
SMWirrlflsr di^ 2000 teduikat Report. Table 124. but 



with updated |Md comkfui ent|^ie|. t)j 
mand data Um US,mm0 Mii^fi 
Fmmdt ProJe^id d 
Qlobil 2000 Teebnicil 




sitiiQ^t iiicr«l80, 12 p^cent, is in the centriaiy 
pUmtA ^f|0mi^ of Eastern Europe. Xhe per- 
oentigelnoi^ii^ for Ihe United Sttt^ itfidfor the 
LO^l «re the same— 27 percent**but actual per 
au»ifi energy eonsumption ii very different. By 
2000) per capita en^gy consuitiption is pro- 
JeM id iso a^ul 422 miilion Btu (Britishi thermal 
/uidii) infi^y. In die IMCit it wiU b« only 14 
\iiiiiU^a Blttj up from it niHUon in iS^5'\(see 
Table 11 and Figure 9). 

<• White prices for oil and other commercial 
jneri^ iOurees are rising, fuelwood*^(he poor per- 
/$on'8 oil«»is expected to become far less available 
than it is today. The FAO has estimated that the 
demaml for fuelwood inXOCs will inct:ease at 2.2 
perc^t per year, leading 'to local fuelwood short- 
ages ^1994 totaling 650 million cubic meters— 
ippYOximitely 25 perceni qf the projected netd. 
^carddes are now local but expanding. In the arid 
Sah^l of Africa^ fuelwood gathering has become a 
fuU«tiMe Job requiring in some placet 160 person- 
days of worit per household each year. When de- 
mand is concentrated in cities^ surrounding areas 



have already become barren for ^ji8ideral|le d^ 
tances'-SO to 100 kiiometeri ill lome pl«i^> |iN 
ban famine, too far from cOllii(:tlb|| wood^^^t 
20 to 30 percent of tbeir incoifi^ on wood In 
West African cities.** 

The projected shortfall o^f fuelwood Inipli^ 
that fuel consumption for. essential uses ii^U be 
reduced, deforestation expanded* wood in- 
creased, and growing*amounti of dung and crop 
residues shifted from the Aeld to the cooking fire. 
NO explicit projections of dung and crop r^due 
combustion could be made for the Study» but it is 
known that a shift toward burning these organic 
materials is already well advanced in the Hima* 
layan hills, in the treeless Ganges plain of India, in 
other parts of Asia, and in the Andean region of 
South America. The FAO reports that in 1970 In- 
dia burned 68 million tons of cow dung and 39 
million tons of vegetable waste, accounting for 
roughly a third of tlie nation's total noncommef- 
cial energy consumption that year. Worldwide, an 
estimated 150-400 million tons of dungari burned 
annually for fuel." 
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TABLE f 

WoiM ProdMdloi ud RMmct li 1»T7 (EitiMM), Otiwr Rmiirccs in 1973-77 (ai Wit AviiUWe), 

IteMircc P<^tMtiiri, ud RMMrM iMt of 17 Elcmettti 

(Mmontefmetrtetoitt) 



Production 



ReiervM 



Otinr 
Reiourcn 



Resource Potential 
(Recoverable) 



Resource Base 
(Cruttal Mui) 



Ahiminum 
Iron 

PotsMlun) 



•PiMpborui 

Flttorioe 

Sttlftir 

Chromium 

Ziac 

Nickel 

Copper 



Tin 

Tunfiten 
Mercury 
SUver 

Platinum groupk 



17«' 
495»» 
'22 
10< 

» . 
S2 
3' 
6 

0:1 

I 

4 

0.2 
0.04 
0.001 . 
0.010 
0.0002 



S.200> 
91.100 
9.M0 
2.200 
3.400^ 
'72 
1.700 
7S0> 
1S9 
54 

4S6 . 

123 
10 
1.8 
0.2 
0.2 
0.02 



2, N0* 
14).000« 
103.000 

1.100> 
12.000^ 
270 

3. f0dk 
6.000> 
4.000 ' 

103* 
1.770i 
1.250 
27 
3.4 
0.4 
0.5 
0.051 



3.519,000 
2.035.000 
n.a. 
42.000 
51.000 
20.000 



3.260 
3.400 
2.590 
2.120 
530 
68 
51 • 
3.4 
2.1 
I.2« 



1.990.000.0QO.OOO 
1.392.000.000,000 
408.000.000.000 
31 .200.000.000 
28.100.000.000 
10.800.000,000 
9.600,000,000 
2,600,00^,000 
2,250,000,000 
2,130,000,000 
1,510.000,000 
290,000,000 
40,800,000 
26,400,000 
U0Q,000 

!;ioo,ooo 

1,100.000 



uunMjd to averaie 21 peronT 
aiiu4ed to averaie 58 percent 



•In bauiiite, dry baiki, 1 
recoverable atuminun. . 
bfft, ore aiid ooncentratei 
recoverable iton. 
cfn on and concentrates attuikied to average 26 percent 
recoverable lion. 

din OK and concentrates assui^ to average 40 percent 



•Exclttdie.nietal in deep-sea nodules and. in the case of niclcel. 
unidentified resources. 

Hn ^Msphate rock ore and concentrates assumed to average 13 
percent pboephorus. 

sin fluqrspUr and phosphate rock ore and concentrates as- . 
sumed to avera^ 14 percent fluorine. 



■•Exehidcs unidentified sulfur resources, enormous quantities 
bf sulfur in gypsum and anhydrite, and some 600 biUon tons'' 
of sulfur in coal, oU sh«le. and in.shale tiurt U rich in organic 

matter. 

>ln ore and concent(ates assumed to average 32 percent 
chromiuin. 

ilndudes 690 million tons in deep-sea noduks. 

kplatinum. palladium, Iridium, cesium, rhodium, and \, 

ruthenium. 

lApproxlmaUntidpoint of estimate range of 0.03-0.06 mlllion- 
tatuk tons. 
"Platinum only. 

Source: Otobal 2000 Technical Report. Table 12^7. 



TABLE 10 

GlobiU PftaMry* Eaergy Uic, 1975 tad 1990, by Energy Type 



1975 



1990 





Percent 




Percent 


10" Btu 


of Total 


10" Btu^ 


of Total 


113 


46 


179 


47 


68 


28 


77. 


20 


46 


19 


66 


17 


19 




62 


16<: 


246 


' 100 


384 


100 



Percent 
Increase 
(1975-90) 



Average 
Annual 
Percent 
Increase 



Oil 
Coal 

Natural gas W 
Nuclear and hyd^ 
Solar (other than conservation/ 
and hydro)<> 
Total 



58 
13 
43 

226 



56 



3.1 
0.8 
2.4 
7.9 



3,0 



■All Of the nuclear and much of the coal primary (i.e., input) 
energy is-used thermally to generate electricity. In the process, 
approximately two-thirds of the primary energy is lost as waste 
heat. The figures given here are primary energy, 
bfhe conversions from the DOE projections in Table IM were 
made as follows: 0//84.8 x 10* bbl/day x 365 days x 5.8 x 
lO* Btu/bbl « 179 X W Btu. Coal: 5.424 x 10* short toni/yr 
X 14.1 fx lO* Btu/short ton (pOB figure for world average 
grade cold) « 77 x 10" Btu. Natural gas: 6i A x I0"ft'/yr x 



1 032 Btu/fl' » 66 X 10" Blu. Nuclear and Hydro: 6fi09 x 
10" Wh (outputl/yr x 3.412 Btu/Wh x 3 input Btu/output 
Btu « 62 X 10" Btu. 

eAfter dedudions for lost (waste) heat (sec note a), the cor- 
responding figures for output energy are 2.7 percent in 1975 
and 6.0 in 1990. 

••The IIES projection model is able to include solar only as con- 
servation or hydro. 

Source.- Global 2000 Technical Report, Table 13-32. 
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TABLE 11 

Per Capllt Gtobal Printtry Entriy Use, Annaaily» 1975 and 1990 



1975 



United $(«tef 

Olher induMHalized countrite 
Uss (kvdo^ eounlrie$* 
Centrally ptiuined economies ' 
World 



10* Btu 



332 
136 
II 
58 
60 



Percent of 
World 
Average 



553 
227 
18 

IW^- 



•Since pofHilation twojections were not made sef>arate^ for the 
OPEC countries, those countries Kave been included/here in 



1990 



10* Btu 



'422 
234 
14 
65 
72 



Percent of 
World 
Average 



586 
325 
19 
'90 
100 



Percent 
Increase 
(1975-90) 



27 
72 
27 
12 
20 



Average 
An'nual 
Percent 
Increase 



16 
3.6 
1.6 
0.8 
1.2 



LDC category. 

Source: Global 2000 Technical Report, Table 13-34. 
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Updated energy projections have been 
developed by the Department of Energy based on ' 
new price scenarios that include the rapid 1979 in- 
, crease in the price of crude oil. the new price 
scenarios are not markedly/ different from the 
earlier estimates for the 1990s. The new medium- 
Scenario price for I99S is $40 per barrel (in 1979 
dollars), which is about 10 percent higher than the 
$36 pri^e (1979 dollars) implied by the earlier 
scen^O; However, the prices for the early 1980$ 
are almost 100 percent higher than those in the 
projections made by DOE in late 1977 for the 
Study.** The sudden large increase in oil prices of 
1979 is likely to have a more disruptive effect on 
other sectors than would the gradual increase 
assumed in the Olobal 2000 Study projections. 

DOfi*s new projections differ in several ways 
from those reported in this Study. Using the 
higher prices, additional data, and a modified 
model, DOB is now able to project supply and de- 
mand for an additional five years, to 1995. De- 
mand is projected to be tower because of the 
higher prices and also because of reduced esti- ' 
mates of economic growth. Coaj is projected io 
provide a somewhat larger share of the total 
energy supply. The nuclear projections for the 
OECD countries are lower, reflecting revised esti- 
mates of the speed at which new nuclear plants 
will be built. Updated estimates of OPEC max- 
imum production are lower than earlier estimates, 
reflectiiig trends toward resource conservation by 
the OPEC nations. The higher oil prices will en- 
courage the adoption of alternative fuels and tech- 
nologi(», including solar technology and conser- 
vation measures.*' 



Environmental Consequences 

The popidation, income, and resource projec- 
tions all imply significant consequences for the 
quality of the world environment. Virtually every ' 
aspect of the earth's ecosystems and resource base 
will be af'fected.*' 

impacts on Agricultiire 

Perhaps the most serious environmental 
development will be an a^celeratiiif deterioration 
VMid loss of the r(^ources essential for agriculture. 
This overall developmejnt includes soil erosion; 
loss of nutrients and compaction of soils; increas- 
ing salinization of both irrigated land and water 
used for irrigation; loss of high-quality cropland 
to iirban development; crop damage due to in- 
creasing air and water pollution; extinction of 
» local and wild crop strains needed, by plant 
breeders for improving ciiltivated varieties; and 
more frequent and more severe regional waiter 
shortages— especially where energy and industrial 
developments compete for water supplies, or 
where forest losses are heavy and the earth can no 
longer absorb, store, and regulate the discharge of 
water." 

Deterioration of soils is occurring rapidly in 
LDCs, with the spread of desert-like conditions in 
drier regions, and heavy erosion in more iiumid 
areas. Present global losses to desertification are 
estimated at around 6 million hectares a year (an 
area about the size of Maine), including 3.2 
million hectares of rangeland, 2.5 million hectares 
of r^ilifed cropland, and 125 thousand hectares of 

So 



irrigated farmland. Desertification does not 
necessarily mean the creation of Sahara-like sand 
deserts, but rather it includes a variety of ecological 
changes thai destroy the cover of vegetation and 
fertile soil in the earth's drier regions* tendering, 
the laiid useless for range or crops. Principal 
direct causes are overgrazing, destructive cropping 
practices, and use of woody plants for fbel. 

At. presently estimated rates of desertifica- 
tion, the world's desert areas (now some 800 
million hectares) would expand almost 20 percent 
by 2000. But there is reason to expect that losses to 
desertification will accelerate, as increasing 
numbers of people in the world's drier regions put 
>nor^ pressures on the land to meet their needs for 
livestock range, cropland, and fuelwoDd. The. 
United Nations has identified about 2 billion hec- 
tares of lands (Figure 10) where the risk of deser- 
tification is •^high" or "very high.'' These lands at 
risk total about two and^one-ha^f times the area 
now classified as desert. 

Although soil loss and deterioration are 
especially serious in many LDCs, they are also af- 
fecting agricultural prospects in industrialized na- 
tions. Present rates of soil loss in many in- 
dustrialized nations cannot be sustained without 
serious implications for crop production. . In the 
United States, for example, the Soil Conservation 
Servipe, looking at wind and water erosion of U.S. 
soils, has concluded that to sustain crop produc- 
tion indefinitely at even present levels, soil losses 
must be cut in half. ^ 

The outlook for making such gains in the 
United States and elsewhere is not good. The food 
and forestry projections imply increasing pres- 
sures on soils throughout the world. Losses due to 
improper irrigation, reduced fallow periods, culti- 
vation of steep and marginal lands, and reduced 
vegetative cover can be expected to accelerate, 
especially in North and Central Africa, the humid 
and high-altitud? portions of Latin America, and 
much of South Asia. In addition, the increased 
burning of dung and crop wastes for domestic f ue^ 
will depfive the soil of nutrients and degrade the 
soil's ability to hold moisture by reducing its 
organic content. For the world's poor, these 
organic materials are often the only source of the 
nutrient^ needed to maintain the productivity of 
farmlands. ItMs the poorest people— those least' 
able to afford chemical fertilizers— who art being 
forced to burn their organic fertilizers. These 
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niitrients will be urgently needed for food produc- 
tion in the years ahead, since by 2000 the world's 
croplands will have to feed half again as many 
people as in 1975." In the industrialized regions, 
increasing use of chemical fertilizers, high-yield 
plant varieties, 'irrigation water, and herbicides 
and pesticides have so far compensated for basic 
declines in soil conditions, yowever, * heavy 
dependence on chemic|il fertilizers also leads to 
losses of soil organic mattier, reducing the capacity 
of the soil to retain niqisture. 

Damage and loss of irrigated lands are 
especially significant because' these lands- have 
yield^ far above average. Furthermore, as "the 
amoi^nt of arable land per capita declines over the 
next two decades, irrigated lends will be cDunCed< 
upon increasingly to rjusc^per capita food avail- 
ability; As of 1975, 230 million hectares-i-15 per- 
cent o( the world's arable area— were being irri- 
gated: Vn additional 50. million hectares afe ex- 
pected ^o be irrigated by 1990. 'Unfortunately , 
there is ^reat difficulty in maintaining the produc- 
tivity of irrigated lands. About half of the wdrfd^s^ 
irrigated land has already <>een damaged tq^oriie' 
degree by salinity, alkalinity, and waterlogging;, 
ani much of the additional land expected'tb be ir- ' 
rigated by 1990 is highly vulnerable to irrigationi;*^ 
related damage. ♦ ' . * ' • 

Environmental, problems of irrigation exi%in 
industrialized countries (for example, in t^e>^n^ 
Joaquin Valley in California) as well as io LfijTs 
(as in Pakistan, where three-quarters ^f.t|i[fc irri- 
gated lands are damaged). It is pos$ibfjt,tbufslow 
and costly, to restore damaged landsf Prevention 
requires careful consideration of ii^ils'Und atten- 
tion to drainage, maintenance, aAd apttropriat^ 
' water-saving designs. • f< ■ • ^" ^ 
Loss of good cropland to iffban encroach- 
, ment is another probleml affecting all countries. 
Cities and industries are often located on d 
nation's best agricultural land—rich, well-watered 
alluvjial soils in gently slopiifg river valleys. In the 
industrialized countries that are merajjers pf^the 
OECD, the amount of land dfcvoted to urba'n uSes 
has been increasing twiot; '•as fast as population: 
I he limited data available for ^.DCs point to 
similar trends. in$,^,pl, for examlftle, despite ef- 
forts to open new ijpds to a^ricultiirc, the total 
area of irrigated fd^mland ha& remained almost 
unchanged in the j^st two decJades. AslNist as ad- 
ditional acre^ are tJi!%ated with water ftom the 
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Aswan Dam, old producing lands on the Nile are 
converted to urban uses. 

The rising yields assumed by the Global 2000 
food projections depend on wider adoption of ex- 
isting high-yield agricultural technology and on 
accelerating 'use of fertilizers, irrigation, pesti* 
cides, and herbicides. These yield-enhaticing in- 
puts, projected to more than double in use world- 
wide and to quadruple in LDCs, are heavily 
dependent on fossil fuels. Even now, a rapid 
escalation of fossil fuel prices or a sudden inter- 
ruption of supply cftuld severely disturb world 
agricultural production, raise foq^ prices, and 
deprive larger numbers of people of adequate 
food. A5 agriculture becomes still more dej^ndent . 
on energy-intensive inputs, the potential for 
disruption will be even greater. 

' Accelerating use of pesticides is expected to 
raise crop yields quickly < and substantially, 
especially in LDCs. Yet, many of th^ chemicals 
produce a wide range of serious environmental 
consequences, some, of^^hich adversely affect, 
agricultural production. Destruction o^ /JP^^ 
^predator populations and the increasing resistance 
of pests to heavily used pesticides have already 
proved to be sigriificant agricultural problems. On 
California farms, for example, 17 of 25 major ' 
agricultural pests are how resistant taone or more 
types of pesticides, and the populations of pest 
predators have been severely reduced. Many 
millions of dollars in crop damage are now caused 
annually in Ca||^fornia by resistant pests whose 
natural predators have been^ destroyed. 

Crop yields are expected to be increased 
significantly by much wider use of high-yield 
strains of grains. Unfortunately, large monocul- 
tures of genetically identical crops pose increased 
risks of catastrophic loss from insect attacks or 
crop epidemics. The corn blight that struck the 
U.S. corn belt in 1970 provided a clear illustration 
of the vulnerability of genetically identical 
monocultures. . 

Impacts on Water Resources 

The quality of the world's water resources is 
virtually certain to suffer from the changes taking ' 
place between now anc the year 2000. Water 
pollution from heavy application of pesticides will 
cause increasing difriculties. In the industrialized 
countries, shifts from widespread use of long-lived 



chemicals such as DDT are now underway, but in 
the LDCs— where the largest increases in agricul- 
tural chemical use is projected— it is likely that the 
« persistent pesticides will continue to be ysed. 

Pisticide use in LDCs is expected to at*least 
, quadruple over the 1975-2000 period (a^sixfold in- 
crease is possible if recent rates of increase con- 
^ tinue). Pollution from the persistent pesticides in 
irrigation canals, ponds, and rice paddies is 
already a worrisome problem. Farmers in some 
parts of Asia are reluctant to stock paddies and 
ponds because fish are being killed by pesticides. 
This means a serious loss of high-quality protein 
for the diets of rural families. 

In addition to the potential impacts on soils 
discussed above, irrigation adversely affects water 
quality by adding salt to the water returning to 
streams and rivers. Downstream from extensive ir- 
rigation projects the water m^y become too saline 
for further use, unless •expensive desalinization 
measures are undertaken. As the usp of water for 
irrigation increases, water salinity proems are . 
certain to increase as well. 

Water pollution in LDCs is likely to worsen 
* as Xhe urban population soars and industry ex- 
pands. Already the watersMow many.LDC cities 
' are heavily polluted with sewage and wastes from 
pulp and paper mills, tanneries, slaughterhoiises, 
oil reflneries, aild chemical, plants. 

River basin development that combines flood 
control, generation of electricity, and irrigation i:v 
likely to increase in many less developed regions, 
where most of the woriJ's untapped hyclropower 
potential lies. While providing many benefits, 
large-scale dams and irrigation projects' can also 
cause highly adverse changes in both freshwater . 
and coastal ecosystems, creating health problems 
(including schistosomiasis, river blindness, 
malaria), inundating valuable lands, and displac- 
ing populations. In addition, if erosion in the 
watersheds of these projects is not controlled, 
siltallen and buildup of sediments may greatly 
reduce the useful life Of the projects. 

Virtually all of the Global 2000 Study's pro- 
jections point to increasing destruction or pollu- 
tion of coastal ecosystems, a resource' on which 
the commercially important fisheries of the worid 
depend heavily. It is estimated that 60-80 percent 
of commercially valuable marine fishery species 
use estuaries, salt marshes, or mangrove swamps 
for habitat at some point in their life cycle. Reef 
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habitats also provide food arid shelter for large 
numbers of Fish and invertebrate species. Rapidly 
expanding icitie's and industry are likely to claim 
coa$tai wetlandl areas for development; and in- 
creasing coastal^ pollution from agriculture, in* 
dustry, logging, water resources development, 
energy systems, and coastal communities is antici- 
pated in many areas. 

Imliacts of Forest Losses 

The projected rapid, widespread loss of 
tropical forests will have severe adverse effects on 
water and other resources. Deforestation— espe- 
/Ciatly in ^outh'Asia, the Amazon basin, and cen- 
tral Africa-^will destabilize water flowsrieading 
,to siltation of streams, reservoirs behind 
hydroelectric dams, and irrigation works, to 
depletion orground water, tq intensified flooding, 
and to aggravated water shortages during dry 
periods. In South and Southeast Asia appro.v 
imately one billion people live in heavily farmed 
alluvial basins ahd valleys that depend on forested 
mountain wuersheds for their >yater. If present 
trends ^continue, forests in these regions will be 
reduced by about half in 2000, and erosion, 
siltation, and erratic strbamflows will seriously af- 
fect food production. 

In' many tropical 'forests, the soils, land 
forms, temperatures, patterns of rainfall, and 
distribution of nutrients are in precarious balance. 
When these forests are disturbed by extensive cut- 
ting, neither trees nor productive grasses will grow 
again. Even in less fragile tropical forests, the 
great diversity of species is lost after extensive cut- 
ting. 



Impacts on the Worlid^s Atmosphere and Climate 

Among the emerging environmental stresses 
are some that affect the chemical and physical 
nafuir^,i)£4^atmosphere. Several are recognized 
a^ l^blemsT^thers are more conjectural but 
nevertheless of loncern. 

Quantitati^w projections of urban air quality 
around the world are not possible with the data 
dnd models now available, but further pollution in 
LDCs and some industrial nations is virtually cer* 
tain to occur under present polkies and practices. 
In LDC cities,* industrial growth projected for the 



next 20 years is likely to worsen air quality. Even 
now, observations in scattered LDC cities show 
levels of sulfur dioxide, particulates, nitrogen 
dioxide, and. carbon monoxide far above levels 
considered safe by the World Health Organiza- 
tion. In some cities, such as Bombay and Caracas, 
recent rapid increases in the numbers of cars and 
trucks have aggravated air pollution. 

Despite recent progress in reducing various 
types of air pollution in many industrialized coun- 
tries, air quality there is likely to worsen as in- 
creased amounts of fossil fuels, especially coal, 
are burned. Emissions of sulfur and nitrogen 
oxides are particularly troubling because they 
combine with water vapor in the atmosphere to 
form acid rain or produce other acid deposition. 
In large areas of Norway, Sweden, southern 
Canada, and the eastern United States, the pH 
value of rainfall has dropped from 5.7 to below 
4.5, well into the acidic range. Also, rainfall has 
almost certainly become more acid in parts of Ger- 
many, Eastern Europe, anJ the U.S.S.R., 
although available data are incomplete. 

The effects of acid rain are not yet fully 
understood, but damage has already been ob- 
served in lakes, forests, soils, crops, nitrogen- 
fixing plants, and building materials. Damage to 
lakes has been studied most extensively. For exam- 
ple, of 1,500 lakes in southern Norway with a pH 
below 4.3, 70 percent had no fish. Similar damage 
has been observed in the Adirondack Mountains 
of New York and in parts of Canada. River hsh 
are also severely affected. In the last 20 years, first 
saltfibn and then trout disappeared in many 
Norwegian rivers as acidity increased. 

Another environmental problem related to 
the combustion of fossil fuels (and perhaps also to 
the global loss of forests and soil humus) is the in- 
creasing concentration of carbon dioxide in the 
earth's atmosphere. Rising CO2 concentrations 
are of concern because of their potential for caus- 
ing a warming of the earth. Scientific opinion dif- 
fers on the possible consequences, but a widely 
held view is that highly disruptive effects on world, 
agriculture could occur before the middle of the 
twenty-firsk century. The CO2 content of the 
world's atmosphere has increased about 15 per- 
cent in the last century and by 2000 is expected to 
be nearly a third higher than preindustrial levels. 
If the projected rates of increase in fossil fuel com- 
bustion (about 2 percent per year) were to con- 
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tinuei a doubling of the CO2 content of t^e at- 
* mosphere could be expected after the middle of 
• the next century; and if deforestation sdbstantially 
reduces tropical forests (as projected), a doubling 
of atmosphereic COt could occur sooner. The 
result could be significant alterations of precipita- 
tion patterns around the world, and a 2^-3 rise 
in temperatures in the middle latitudes of the 
earth.' Agriculture and other human endeavors 
would ^ave great difficuhy in adapting to such 
large, rapid changes in climate* Even a 1 T in* • 
crease in average global temperatiires would make 
the earth's climate warmer than it has been any 
^ time in the last 1,000 years. 

A carbon dioxide-induced temperature rise is 
expected to be 3 or 4 times greater at the poles 
than in th^ middle latitudes* An increase of 
5^-lOX in polar temperatures could eventually 
lead to the melting of the Greenland and Antarctic 
ice >s and ai gradual rise in sea level, forcing 
abaKi nment of many coastal cities. 

Ozone is another major concern. The strato- 
spheric ozone layer protects the earth from 
damaging ultraviolet light. However, the ozone 
layer is being threatened by chlorofluorocarboh 
emissions from aerosol cans and refiigeration 
equipment, by nitrous oxjde (N2O) emissions from 
the denitrification of both organic arid inorganic 
nitrogen fertilizers, and possibly by the effects of 
high*altitude aircraft flights. Only the United 
States and a few other countries have made serious 
efforts to date to control the use of aerosol cans. ^ 
^ Refrigerants and nitrogen fertilizers present even 

more difficult challenges. The most^ widely 
discussed effect of ozone depletion and the 
resulting increase in ultraviolet light is an in- 
creased incidence of skin cancer, but damage to 
food crops would also be significant and might ac- 
tually prove to be the most serious ozone related 
problem. ' • 

Impacts of Nuclear Energy 

The problems presented by the projected pro- 
duction of increasing amounts of nuclear power 
are different from but no less serious than those 
related to fossil fuel combustion, '^he risk of 
radioactive contamination of the environment due 
to nuclear power reactor accidents will be in* 
creased, as will the potential for proliferation of 
nuclear .weapons. No nation has yet conducted a 
demonstratiorA program for the satisfactory 



dispo^sal of radioactive wastes, and the amount of 
wastes is increasing rapidly. Several hundred thou- 
sand tons of highly radioactive spent nuclear fuel 
will be generated over the lifetimes of the nuclear 
plants likely to be constructed through the year 
2000. In addition, nuclear power production will 
create millions of cubic meters of low-level 
radioactive wastes, and uranium mining and proc- 
essing will lead to the productioh of hundreds of 
millions of tons of low-level radioactive tailings. It 
has not yet been demonstrated (jhat all of these 
high- and low-level wastes from nuclear power 
production can be safely stored and disposed of 
without incident. Some of the by*pf oducts of reac- 
tors, it should be noted, have haJf-lives^approx- 
imately five times as long as the period of recorded 
history. 



Species Extinctions 

Finally, the world faces an urgent problem of * 
loss of plant and animal genetic resources. An 
estimate prepared for the Global 2000 Study sug- 
gests that between half a million and 2 million 
species— IS to 20 percent of all species on^arth— 
could be e^itinguished by 2000, mainly because of 
loss of wild habitat but also in part because of 
pollution. Extinction of species on this scale is 
without precedent in human history.^'* 

One-half to two-thirds of the extinctions pro- 
jected to occur by 2000 will result from the clear- 
ing or degradation of tropical fofests. Irfsect, 
other invertebrate, and plant species— many of 
them unclassified and unexamined by scientists — 
will account for most of the losses. The potential 
value of this genetic reservoir is immense. If 
preserved and carefully managed, tropical forest 
species could be a sustainable source of new foods 
(especially nuts and fruits), pharmaceutical 
chemicals, natural predators of pests, building 
materials, speciality woods, fuel, and so on. Even 
careful husbandry of the remaining biotic 
resources of the tropics cannot compensate for the 
swift, massive losses that arc to be expected if pre- 
sent trends continue. 

Current trends also threaten freshwaier and 
marine species. Physical alterations— damming, 
cli^nnclization, siltation— tind pollution by salts, ' 
Sd^Yain, pesticides, and other toxic chemicals are 
profoundly affecting freshwaier ecosystems 
throughout the world. Ai present 2*^4 licsiu\aici 
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vertebrate taxa are threatened wit^ extinction, and 
by the year 2000 many may have been lost, 

. Some of the most important genetic losses 
v^ill involve the extinction not of species but of 
subspecies and varieties of cereal grains. Four- 
fifths of the world's food supplies are^ derived 
from less than tv^o dozen plant and animal 
species. Wild and local domestic strains are 
needed for breeding resistance to pests and patho- 
gens into the high-yield varieties niow widely used. 



These varietal stocks are rapidly diminishing as 
marginal wild lands are brought into cultivation. 
Local domesticated varieties, often uniquely 
suited to local conditions, are also being lest as 
higher-yield varieties displace them. And the in- 
creasing practi(:e of monoculture of a few 
strains— which makes crops more vulnerable to 
disease epidemics or plagues of pests— is occurring 
at the same time that the genetic resources to resist 
, such disasters are being lost. 
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Entering the Twenty-First Century 



The preciediiif sections have presented indi- 
vidtially the in«ny projections ntade by U.S. 
dovernm«it ^len^^tfee^f;^ 2000 Study. 
How are these prdjeetions to be interpreted collec- 
tively^ What dd they imply ab<mt the world's en- 
try into the iwdl^-fltst c^ntttty?** 

The world In 200Q win be different from the 
world today in iniporttot way>. there will be 
more people. For every two persons on the earth 
in WS there will be three in 2000. The number of 
Voor wii have incfMsed. .Four-fifths of the 
world's population wiH live ifiT less developed 
countries. Fiirthermore, in terms ot persons per 
year added to the world, population growth will 
be 40 petcent higher in 2000 than In 197S.«* 

The fap between the richest and the poorest 
will have increased. By every j^ure of material 
welfare the study provides— per capita QNP and 
consumption of food, energy, and minerals— the 
gap will widen. For example, the gap between the 
GNP per capita in the LDCs and the industrialized 
countries Is projected to grow from about $4,000 
in 1975 to about $7,900 in 2000." Great dUparities 
within countries" are also expected to continue. 

There will be fewer resource^ to go around. 
While on a worldwide average there was about 
four-tenths of a hectare of arable land per person 
in 1975, there will be only about one-quarter hect- 
are per person in 2000*' (see Figure 1 1 below). By 
2000 nearly 1,000 billion barrels of the world's 
total original petroleum resource of approxi- 
mately 2,000 billion barrels will have been con- 
sumed. Over just the 1975-2000 period, the 
world's remaining petroleum resoutces per capita 
can be expected to decline by at least 50 percent." 
Over the same period world per capita water sup- 
plies will decline by 35 percent because of greater 
population alone; increasing competing demands 
will put further pressure on available water sup- 
plies." The world's per capita growing stock of 
wood is projected to be 47 percent lower in 2000 
than in 1978". 



The environment will have lost important' 
life-supporting capabilities. By 2Q00, 40 percent of 
the forests still remaining in the LDCs in 1978 will 
have been razed,^* The atmospheric concentration 
of carbon dioxide will be neariy one-tliird higher 
than preindustrial levels.'* Soil erbsion will have 
renioved, on the average^ several inches of ,soil 
from croplands all over the worid. Desertification , 
Qncluding salinization) may huk claimed a signi* 
fipaht fraction of the world's nuigeland and crop- 
land. Over little more than two decades, 15-20 per- 
cent of the earth's total species -of plants and 
animals will have become extinct— a loss of at* 
least 500,000 species.'* 

Prices vrill be higher. The price of many of 
the most vital resources is projected to rise in real 
terms— that is, over and above inflation. In order 
to meet projected demand, a 100 percent increase 
in the real price of food will be reatiired.'* to keep 
energy demand in line with anticipated suppli^, 
the real price of energy is assumed to rise more 
than 150 percent over the 1975-2000 period." Sup- 
plies of water, agricultural land, forest products, 
and many traditional marine fish species are pro^ 
jected to decliife relativie to growing demand at 
current prices,'* which suggests that real price rises 
will occur*in these sectors too. Collectively, the 
projections suggest that resource-based hifla- 
tionary pressures will continue and intensify, 
especially in nations that are poor in resources or 
are rapidly depleting their resources. 

The worid will be more vulnerable both to 
natural disaster and to disruption^ from human 
causes. Most nations. are likely to be still more 
dependent on foreign sources of energy in 2000 
than they are today." Food production will be 
more vulnerable to' disruptions of fossil fuel 
energy supplies and to weather fluctuations as 
cultivation expands to more marginal areas. The 
• loss of diverse germ plasm jn local strains and wild 
progenitors of food crops, together with the in- 
crease of monoculture, could lead to greater risks 
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of massive crop failures," Larger numbers of p|o- 
ple will be vulnerable to higher food prices or even 
famine when Adverse weather occurs/* The world 
will be more volnerable to the disruptive effects of 
war» The tenstons.that dbuld lead td war will have 
multiplied* The potential for conflict over fresh 
water atone is underscored by the fact that out of 
200 of tlpe world^s major river basins, 148 are 
shared two (»)untrie$ and 52 are shirred by three 
to ten countries. Long standing conflicts over 
$harediiv(irs such as the Plat<l (Brazil, Argentina), 
Buphrates (Syria, Iraq), or Ganges (Bangladesh, 
India) could easUy intensify." ^, 
- Finaljj^i it miust be emphasized that if public 
policy continues generally unchanged the world 
will be dfffi^rent'as a result of lost opportunities. 
The adverse effects of many of the trends dis- 
mmd in this Study will not be fully evideni until 
20d0 or lat^i yet the actions that are necessary to 
change the trends cannot be postponed without 
foreelosinf Important options. The opportunity to 
stabilize the world's population below 10 billion, 
for exam^lei is slipping away; Robert McNamara, 
President of the World Bank, has noted that for 
every decade of delay in reaching replacement fer- 
tility, the worlds ultimately stabilized population 
will be about 1 1 percent grater.*' Similar losses of 
opportunity accompany delayed perceptions or 



per capita, 19SS, 197S, 2^00. 

action in other areas. If energy policies and deci- 
sions are based on yesterda!^'s (or even today^s) oil 
prices, th^^opportunity to wisely, invest scarce 
capital resources will be lost as a consequence of 
'undervaluing conservation, and efficiency. If 
agricultural research continues to focus on in* 
creasing yields through practices thdt are highly 
energy-intensivei both energy resources and the 
time needed to develop alternative practices will be 
lost.- • V * 

the full effects of rising concentrations 
carbon dioxide^ depletion of stratpspheric ozone, 
deterioration of soils, increasing introductioi; of 
complex persistent toxic chemicals into the en- 
vironment, and massive extinction ol* species may 
not .occur until well.after 2000. Yet once such 
global environmental problems are in motibriUhey 
are very difficult to reverse. In fact, few if any of 
the problems addressed in the Global 2000 Study 
are amenable to quick technological ,or policy 
fixes; rather, they are inextricably mixed with the 
world's most perplexing social and economic 
problems. 

^Perhaps the most troubling problems are 
. those in which population gjrowth and poverty 
lead to serious long-term declines in the j^roduc* 
tivity of renewable natural resource systems. In 
some areas the capacity of renewable resource 
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systems tQ support human populations is already 
^ being seriously damaged by efforts of present 
populations to meet desperate immediate needs, 
and the damage threatens to become worse. 

Examples of serious deterioration of the 
earth's most basic resources cantilready be found 
today in scattered places in all nations, including 
the- industrialized countries and the better- 
endowed LDCs. For instance, erosion of agricul- 
tural soil and salinization of highly productive ir- 
rigated farmland is increasingly evident in the . 
United States," and extensive deforestation, with 
more or less permanent soil degradation, has oc- 
curred in Brazil, Venezuela, and Colombia.'^ But 
problem^ related to the decline of ^he earth's car- 
rying capacity ^re most immediate, severe, and 
. tragic in those regions of the earth containing the 
poorest LDCs. 

Sub-Saharan Africa ^aces the problem of ex- 
haustion of its resource base in an acute form. 
Many causes and effects have come together there 
to produce excessive demands on the environ- 
ment, leading to expansion of the desert. Over- 
grazing, fuelwood gathering, and destructive 
cropping practices are the principal immediate 
causes of a series of transitions from open wood- 
land, to scrub, to fragile semiarid range, to worth- 
less weeds and bare earth. Matters are made worse 
when people are forced by scarcity of fuelwood to 
burn animal dung and crop wastes. The soil, 
deprived of organic matter, U»ses fertility and the. 
ability to hold water— and the desert expands. In 
Bangladesh, Pakistan, and large parts of India, ef- 
forts by growing numbers of people to meet their 
basic needs are damaging the very cropland, 
pasture, forests, and water supplies on which they 
must depend for a livelihood."' To restore t» 
land.s and soils would require Jecades— if not cen- 
turies— a/ifer the existing pressures on the land 
have diminished. But the pressures are growing, 
not diminishing. 

There are no quick or easy solutions, par- 
ticularly in those regions where population 
pressure is already leading to a reduction of the 
carrying capacity of the land. In such regions a 
comjplex of social and economic factors (including 
very low incomes, inequitable land tenure, limited 
or no educational opportunities, a lack of non- 
agricultural jobs,. and economic pressures toward 
higher fertility) underlies the decline in the land's 
carrying capacity. Furthermore, it is generally 
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believed that social and economic conditions niust 
improve before fertility levels will decline to 
replacement levels. Thus a vicious circle of 
causality may be at work. Environmental' deterior- 
ation caused by large populations creates living 
conditions that make reductions in fertility dif- 
ficult to achieve; all the while, continuing popula- 
tion growth increases 'further the pressures on the 
environment and land.'* 

The declines in carrying capacity already be- 
ing observed in scattered areas around the world 
point to a phenomenon that could easily be much 
more widespread by 2000. In fact, the best evi- 
• dence now available— even allowing for the many 
beneficial effects of technological developments 
and adoptions— suggests that by 2000 the world's 
human population may be within only a few 
generations of reaching the entire plant's carry- 
ing capacity. 

The Global 2000 Study docs not estimate the 
earth's carrying capacity, but it does provide a 
basis for evaluating an earlier estimate published 
in the U.S. National Academy of Sciences' 
report. Resources and Man. In this 1969 report, 
the Academy, concluded that a worid population 
of 10 billion "is close to (if not alcove) the niax- 
imum that an intensively managed world might 
hope to support with some degree of comfort and 
individual choice." The Academy! also concluded 
that even with the sacrifice of individual freedom 
^nd Choi' i;. .^nd even with chroni(^ near starvation 
for the great majority, the hum^n population of 
the world is unlikely to ever exceed 30 billion." 

Nothing in the Global 2000 Study counters 
the Academy's conclusions. If anything, data 
gathered over the piast de;Cade suggest the 
Academy may have underesti^nated the extent of 
some problems, especially deforestation and the 
loss and detfrioration of soils." 

At prejtnt and projected growth rates, the 
^world's population would rapidly approach the 
Academy's figures. If the fertility and mortality 
rates projected for 2000 were to continue un- 
changed into the twenty-first century, the world's 
population would reach 10 billion by 2030. Thus 
anyone with a present life expectancy of an addi- 
tional 50 years could expect to see the world popu- 
lation reach 10 billion. This same rate of growth 
would produce a population of nearly 30 billion 
before the end of the twenty-first century." 
Here it must be emphasized that, unlike most 
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of the Global 2000 ^tudy projections, the popula- 
tion projections assume extensive, policy changes 
and developments to reduce fertility rates. With- 
out the assumed policy changes, the projected rate 
of population growth would be still more rapid. 

Unfortunately population growth m^y ,be 
slowed for reasons other than declining birth 
rates*. As the world^s populations exceed and 
reduce the land^s carrying capacity in widening 
areas, the trends of the last century or two toward 
improved health ai}d longer life may come to a 
halt Hunger atid disease may claim more lives-^ 



especially lives of babies and young children. 
More of those surviving infancy may be mentally 
and physically handicapped by childhood mal- 
nutritioHt 

The time for action to prevent this outcome is 
running out. Unless nations collectively and in- 
dividually take bold and imaginative steps toward 
improved social and economic conditions, re- 
duced fertility, better management of resources, 
and protection of the environment, the world 
must expect a troubled entry into the twenty-first 
century. 



APPENDIX 

The Global 2000 Study Compared with 
Other Global Studies 



In the course of the Global 2000 Study, the 
Government's several models (here referred to col- 
lectivity 'a^the ^'Government's global modeP') 
and their pPQmitions were compared with thosje of 
five other gloSal studies/^ The purpose was not 
only to compare the results of different projec- 
tions, but also to see whether and^ how different 
assumptions and model structures may have led to 
different projections and fmdings. 

The Global 2000 Study's principal findings 
are generally consistent with those. «f the five 
other global studies despite considerable difr 
ferences in models and assumptions. On the 
whole, the other studies and their model; lack the 
richness of detail that the Government's global 
•model provides for the various individual sec- 
tors—food and agriculture, forests,'water, energy^ 
and so on* However, the linkages among the sec- 
tors in the other models are much more 
complete* Many apparent inconsistencies and con*, 
tradictions in the Global 2000 projections are due 
to the weakness of the linkages among sectors of 
the Government's global model. 

Another important difference is that th^ 
Government's projections stop at the year 2000 or 
bef4)re,-^hile the other global studies project well 
into the twenty-first century. The most dramatic 
developments projected in the other studies^ 
serious resource scarcities, population declines 
due V6 rising death ratei, severe environmental 
deterioration— generally occur in the first half of 
the tweaty-first century and thus cannot be com- 
pared with the Government's projectidns. Up to 
the turn of the century, all of the analyses, in- 
cluding the Government's, indicate more or less 
similar trends: continued economic growth in 
most areas, continued population growth 
everywhere, reduced energy growth, an increas- 
ingly tight and expensive food situation, increas- 
ing water problems, and growing environmental 
stress. 



TKe most optimistic of the five models is the 
Latin American World Model. Instead of proj^t- 
ing future conditions on the basis of present poli- 
cies and trends, this model asks:/^How can gtobal 
resources best be used to meet basic human needs 
for all people?^' The model allocates laboi;. and 
capital to maximize life expectancy. It alsutJies 
that personal consumption is sacrificed to main- 
tain very hjgh investment rates (25 percent 6f GNP 
per year), and it posits an egalitarian, nonexploita- 
tive^ wisely managed world society- that avoids 
pollution, ^il depletion, and other forms Qf en^ 
vironmental degradation.. Under Jhese assump- 
tions it finds that in little more thain one genera^ 
tioA basic' human needs could be adequately satis; 
.fied in Latin America and in Africa* Therei(fter/ 
GNP^vould grow steadily and population growth 
would begin to sta})ilize. ^ * 

3ut in Asia, even assuming these near- 
utopian social conditions and high rates of invest-- 
ment, the system collapses. The model projects an 
Asian food crisis ^beginning 6y 2010, as* land runs 
out; food production cannot rise fast enough to 
keep up with population growth, and a vicious cir- 
cle begins that leads td starvation atKl economic 
collapse by midcentury. The modelers suggest that 
an Asian food crisis could be avoided by such 
meansas food imports from other areas with more 
cropland, better crop yields, and effective family 
planning policies. Nonetheless, it is striking that 
this model, which was designed to^how that the 
fundamental constraints on human welfare were 
social, not physical, does project catastrophic 
food shortages in Asia due to land scarcity* 

The World 2 and World 3 models, which were 
the basis of the 1972 Club of Rome report The, 
Limits to Growth, give much attention to environ- 
mental factors— the only models in the group of 
five to do so. The World models, like the Global 
2000 Study, considered trends in population, 
resources, and environment. However, these 
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models are highly aggregated, looking at the vfovld 
as a whole and omitting regional differences. In 
the cases that assume a continuation of present 
policies, the World 2 and 3 models project large 
global increases in food and income per capitr< un- 
til 2020, at which time either food scarcity or 
resoucce depletion would cause a downturn. The 
two models do suggest that major changes of 
policy can significantly alter these trends. 

The Wodd Integrated Model, a later effort 
sponsored by the Club of Rome, is much more 
detailed than the World^2 and 3 models in its treat- 
ment of regidnal differences, trade, economics, 
and shifts from one energy source to another, but 
it is less inclusive in its treatment of the environ- 
ment. This complex model has been run under 
many different assumptions of conditions and 
policies. Almost invariably the runs project a 
long-term trend of steeply rising food prices. 
Under a wide range of policies and conditions the 
runs indicate massive famine in A^ia and, to a 
lesser, degree, in non-OPEC Africa, before the 
turn of the century. 

The United Nations World Model found that 
to meet U.N. target rates for economic growth, 
developing' countries would have to make great 
sacrifices in personal consumption, saving and in- 
vesting at unprecedented rates. Personal 
consumption would not exceed 63 percent of in- 
come in any developing region, and none would 
have a level of private investment of less than 20 
percent. To meet food* requirements, global 
agricultural production would have to rise four- 
fold by 2000, with greater increases required in 
many places (500 percent, for example, in low- 
income Asia and Latin America). 

Th^ Model of International Relations in 
Agriculture (MOIRA) confines itself agricul- 
ture; it takes into account the effects of agriculture 
policies but not those of environmental degrada- 
tion. Its results are more optimistic than the 
Global 2000 projections: world food production 
more than doubles from 1975 to 2000;, and per 
capita consumption rises 36 percent. Even so, 
because of unequal distribution, the number of 
people subsisting on two-thirds or less of the 
biological protein requirement rises from 350 
million in 1975 to 740 million in 2000. 

The Global 2000 Study conducted an experi- 
ment with two of the more integrated nongovern- 
ment models to answer the question: **How would 
projections from the Government's global model 
be different if the model were more integrated and 
included more linkages and feedback?** The 
linkages in the two nongovernment models were 
severed so that they bore some resemblance to the 



unconnected ' and inconsistent structure of the 
Government*s global model. Chosen for the ex- 
periment were the* World 3 model and the World 
Integrated Model. 

In both models, severing the linkages led to 
distinctly more favorable outcomes. On the basis 
of results with World 3, the Global 2000 Study 
concluded that a more integrated Government 
model would project that; 

• Increasing competition among agriculture, 
industry, and energy development for cap- 
ital would lead to even higher resource cost 
inflation and significant decreases in real 
GNP growth (this assumes no major tech- 
nological advances)* 

• The rising food prices and regional declines 
in food consumption per capita that are 
presently projected would be intensified by 
competition for capital and by degradation 
of the land* 

• Slower ^ GNP and agricultural growth 
would lead to highi^r death rates from wider 
spread hunger— or from outright starva* 
tion— and to higher birth rates, with 
greater numbers of people trapped in ab- 
solute poverty. ^ 

• A decisive global downturn in incomes and 
food per capita would probably not take 
place until a decade or two after 2000 (this 
a ;>uines no political disruptions). 

When links in the World Integrated Model 
(WIM) were cut, outcomes again were more favor- 
able. The results of the unlinked version were 
comparable to the Global 2000 quantitative pro- 
jections for global GNP, population, grain pro* 
duction, fertilizer use, and energy use* But in the 
original integrated version of WIM, gross world 
product was 21 percent lower than in the unlinked 
version*— $11.7 trillion instead of $14*8 trillion in 
2000. In the linked version, world .agricultural 
production rose 85 percent instead of 107 percent; 
grain wailable for hurdan consumption rose less 
than 85 percent because sdrpe of the grain was fed 
to animals for increased meat production. Popula- 
tion rose only to 5.9 billion rather than 6.2 billion, 
in part because of widespread starvation (158 
million deaths cumulatively by 2000) and in part 
because of lower birth rates in the industrialized 
countries. The effects of severing the linkages are 
much less in lightly populated regions with a 
wealth of natural resources, such as North 
Afherica, than in regions under stress, where great 
numbers of people are living at the margin of ex- 
istence. In North America, the difference *in GNP 
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per capita wa^ about 5 percent; in South Asia, 
about 30 percent. 

The inescapable conclusion is^ that 'the omis- 



quantitative projections.*' This appears to be par- 
ticularly true of the CNP projections. The experi- 
ments with the World Integrated Model suggest 



sion of linkages impartt an optiiiiistic bias to M . that the Study's figure for gross world product in 
Global 2000 Study's (and thtt U.S. Governthent's) 2000 may be 15— 20 percent too hiph. ^ 
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